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This Invention relates to novel r WWM 

and to a process for their production. M^re particularly, 
it relates to non- woven fabrics, textile composites, yarns 
and the like and to their production by subjecting bulk .n- 
trous materials to the action of fluid foicee . In still 
another aspect, ^JSAAtfta^ojhe^r ^ctip of improv ed 
woven and knitted fabrics. r " ~" 



processes in whiw. 



The prior art discloses various 
fluids under pressure have been used to treat textile mate, 
rials. Thus, for example, binder solutions have been 
sprayed onto fibrous webs, which are subsequently dried to 
affect bonding. Fabrics and the like have been subjectei 
to the action of streams of water or the 2|lke in various 
washing or cleaning processes. Dispersed is treats of water. 
Provided by a solid cone spray nowle supplied with water 

70 to 100 lbs./sq.in. pressure, have bejen applied through 
"Paced apertures against a fibrous starting material so as 
*° rearrange laterally the individual fibers into a pattern 
determined by the pattern of the apertures. 

An object of the present invanti&n is to provide 
a process for the direct conversion of bulk fibrouB matc- 



produots with* 
is weaving, 



*lala into coherent, highly stable textile 

using conventional process steps such ^ — 
^tting, twisting, or the like and without the need for 
•peciai bonding agents or matenala. Another object of this 
invention ifl to provlde a pr „, 88 fop stlt thing seams in 
fibrous materials or for atitching fliroua materials 



739658 



10 



15 



20 



ing Unique, , A_ further object er ehia . L ;^~ 4fWt 4 . .T 



Provide a proceaa for Improving the proper ^a^fw^ 



f this Invention 
products. 



23 



knitted fabrics, a .tin further object o 
*■ the provialen of new and uaeful textile 

Iheae and other objecta of thla invention will 
baoome apparent in the courae of the folloUg .pacification 
And olalna. 

The procce of .this invention mfolvea aubjecting 
fibroua aheet materials to the action of one or moreTine 
columnar stream of a non- compressible fluid, projected 
awlnat the surface of the fibroua structu:* with auffi. 
cient .Jl«2L^|^v f j i «^ 

•nacerial into an interentangled relatione** with other 
•^l^i4!aSa*LiiiilL^tiong of the structure.' The 
individual atraam. are preferably of ■ aumlient^inin"^ 
^^^•^•j^i^riltMnt interentanllement without 
permanently separating groups of"fibera,' i, af. without for». 
*ng openinga in the sheet, 

ie meant that the individual 
I^JJl th * ^1™.*2P™*2& t"w^<(d71n"ter-lTc.d 
*nd otherwiae.joinedwithja.ch other To ^ol^^muaiiy 
-&2&£££±1> The proeeaa may b e .allied 'ifeaelected 
area, of the fibroua ehoe ^materlal up to ind inoludin^ 
ite entire area. " ' 



By "fibroua aheet materiala" la Jean t any aheet- 



30' 



like structure Q$apci&a±jQi 
the for m of loose batta 



£ile filament i in the~f ore of 



f l lament aV^ 'oF y^ whethe r in 
and the like lor in the form 



wi' * q y«n, Knitted or non-w yen fabrica, ant 
Uyerea-eompemeu thereof. 



Including 
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Briefly the pro cess of thlB invent!^ mf ty bfl a? _ 
erated a B fo llows, water or other aultab j e lig ^t^^,^^^ 
under high pr essure through a nozzle or airias Qf r^ ^^ 
to form the fine, fipl Wmn ar high viaaity J few .., nr rmflfllJ , 
The fibrous sheet material, to be treated L placed on a 
suitable support, preferably a screen or ether foramlnoua 



member and passed, eheet aide up, under arid close to 



nozzle bo aa to be traveraed by the fluid latroam or« ^I. 



In effect, each columnar stream thus travirses the fibrous" 
sheet along a path In the direction of moiement of the sheet. 
Wherever the columnar stream acta on the sheet, individual ' 
fibers in the sheet are forced into an int erentangled rela- 
tionship with each other in ail dlmenaions of the sheet, 
jingle stream, or a multiplicity of swama spaced a pre- 



selected dista nce apart ."depending on the 



JM*ftrlaI~ln~a direction perpendicular or oblique toTts" 



w£**±_ The fibrous sheet material may je subjected to a 

"oFarea of" 



effect desired, 



iy or intemitteritly to the sheet 



number of passes to increaae the intSnli t _ 

jfgfttangj^t. The_ flbrous sheet materia l may be t ^ated " 
along lta le ngthwise direction and/or t7a^ rjelyjggr~ 
^bli quely thereto. The fibroua ahe etmatJrlal may be 
^^ijrcm_cntj i6t only^rfroTbclh aldra, the la tter 

successive stipe or atouUte iT" 
.fig^ Tha^pw duct, of this inventio n ari characterHeT^r 
* ^^^naio^ fiber-interoj^aji giem^ axEsndi ^ in 
lineal fashion' corresponding" to the path If traverse of 
the fluid stream and extending m pre selected areas up to 
and including the entire area of 'th^Taheet material. 

The proeess of this invention mly be uaed to pro. 
dues a wide variety of products, it is especially suitable 
for the direct conversion of bulk fibrous (material* into 

t 
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textile products having the hand, drape, and strength of 
conventional woven fabrics. Thus, loose batta, mate, webe, 
and the like composed or sc nnu fiac re and/o:* _continuoua 
ft lawn j a ^awy be converted directly into coherent. cu!-le 
non-woven fabrics by subjecting auch batta ti the action of 
high velocity fluid streams over substantial:* their entire 
area. Particu larly strong non-wov en fabrics are obtained 
jy treating substantially the entire area o f |a"pomposite 
structure co mposed of an intermediate layer consistin g or 
two warps p.- parallel yams a» c ontinuous filaments Ar - 
ra nged so that the yams of one~warp cro ss the yarns Of 
tn rotner warp and a cover layer conalatlng < if a batt o f 
looae staple fibers or continuoua filaments, on one_o r 
b ?*>L 'Idea of the intermediate Thg n suiting atru o- 

t ure conalsts of a layer of. eroaaed yarn ~i lament war ps 

together by atapie fib ers or continu^T f iia^nta , 
which have been forced back and forth througi'the etruj- 
ture by the action of the high velocity fluid streams. 

Non-woven fabrics having particularly high levels 
of drape and confomabillty may be obtained \y using crimp- 
able, spontaneously elongatable, or elastic llb.re as one 
©f the components of the fibrous sheet material and develop- 
ing the latent properties of the fiber after 
non-woven fabric aa above. 

By proper control of process conditions, discrete 



formation of the 



, , - ■ i ■ » i — - — — •-—•pi w w v ■ <■ 

aeame may be produced in bulk fibrous materillsT-iueh as 
•taple fiber batta, each seam consisting of an area of high 
fiber entanglement corresponding to the path 
of the high velocity fluid stream or streams, 

auch discrete seams may be formed in a loose , 

or the like according to any predetermined pattern to pro- 
duce quilt-like structures, Varna may b« produced by form- 
ing straight seams in a bulk fibrous materia] by the process 
of this invent! n, and subsequently outting the eeam from 
the structure. Such yams have the feel, cohesion, and 
atrength f yarna produced by conventional spinning processes, 



of traverse 

A aeries of 
mat, batt, web 



v 
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The . £W..y«locie£/luid_j^aoa may 



to atltch co nventional- fabrics togtthtrTuuLh batt mate 



also be used 



riala and yarns, tojshemaelyes and /or. t a naw^^^^y w ?Y »r 
_fabrica or f data- type backings and to oonvert piddled con- 
tinuous-filament watte yam into' non-weven fa YrYca'.' The 
proceaa of ma invention may aleo be used to modify "the 



properties of conventionally produced woven or knitted 



fabrica to Improve their appea rance, hand, ta 
tlea, covering power and the ilka . 



ctile proper- 



taken along 
ae uaed to 



The process of this invention may b» more thor- 
oughly underacood by the following discusaion, with refer- 
ence to the accompanying drawings wherein 

Figure 1 ahowa a aohematic view of bne type of 
apparatus for carrying out the proceas of thit invention. 

Figures 2a-2o are axial cross-sectional views of 
suitable norzlea. 

Figure J is a cross-seetional view, 
the longitudinal axis, of a nowle which may 
produce intermittent columnar flow. 

Figure 4 la a schematic view of an alternative 
apparatus for carrying out the proceaa of thija invention. 

Figure 5 is a schematic iaoaetric view of an ap- 
paratus for the high speed production of a continuous non- 
woven fabric. 

Figure 6 is a schematic isometric view of an ap- 
paratus for the high speed production of continuous 
eheniiit-type yarns. 

Figures 7*-7e are diagrammatic representations 
ar croaa sections of a batt of fibers at three stages of 
treatment. 

Figure 8 shows a seamed batt producjed by the 
proceaa of thia invention. 

Figures 9a and 9b a how a quilted bsjtt before and 
after shrinking. 



10 



15 



20 



25 



30 



739652 

Figure 10 shows chenille-type yam* produced by 
the process of this Invention. 

Figure 11 shows a staple batt e.tltcfced to a fabric. 

Figure 12 ahowa a continuous filament web attached 
to a fabric. 



In carrying out the process of thia 
fibroua sheet materials are subjected to the a 
velocity, columnar fluid streams, which latter 
tinuoue or intermittent. 



invention, 
ctlon of high 
may be eon- 



Referring to Figure i, nitrogen undelr a pressure 
of 2000 Ibs./sq./in. in a bottle 1 ia connected through a 
regulating valve 2 and pipe 3 to one chamber 4 of a hy- 
draulic accumulator 5. The hydraulic accumulator is sep. 
•rated into two chambers 4 and 6 by a flexible diaphragm 7. 
The second chamber 6 is connected to a nozale 20 through a 
Pipe 8 m which a valve 9 is provided. Water is supplied 
to the second chamber from a source of water (not shown) 
through a valve 10 and a pipe n. when water is added, 
pressure is released from the first chamber through pipe 12 
by opening a valve 13. Starting with an unpreLsurized sit- 
uatlon, the system is charged by closing regulkting valve 
2. opening valve 13 so that atmospheric pressure prevails 
in the system, closing valve 9 and opening vaJve 10 to ad- 
mit water at a pressure of about 40 lba./eq, ik. gauge; the 
water pushes the diaphragm 7 of the accumulator 5 to the 
right into chamber 4, thus filling chamber 6. After chamber 
6 le filled, valves 10 and 13 are closed, regJlating valve 
2 ia opened and adjusted to deliver nitrogen at about 2000 
Ibe./s*. in. gauge to the chamber H } this pressurises the 
water in chamber 6 so that the system is ready 
water to the. nozzle 20 through line 8 whenever 
opened. 



to deliver 
valve 9 is 



- 6 - 
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The fluid nowle ao may be any one or a variety 



Various types 



¥ — — H| 

of nomee depending on the effect desired. wm ..„ M w 
of no«i M which may be u *ed are ehown in pigurea 2a- ao . 

The fibrous shee t material z* m treated 1« it 



30 



Placed on a generally rectangular wire acr^e n earner » 
"Situated b« low th» ..i,.. ^ : f— 



situated below tf» V«r«6 ai y_dlapo,ed noaajo 20 and "a up. 
ported on a horizontal, .flat m.tal plate 16 J A jack 1? 



of the acisaor« type aupp^a plate 16 fl0 A t0 be verti- 
cally adjustable, providing for adjuatment In the diatance 
between the tip of the nozzle so and the acLn 1 5 . The 
screen, m thia case, i8 an ordinary woven one of l8 by 18 
*«h per inch and la made of 0.015 inch diameter stainless 
•teal wire, The screen ia not secured to mital plate 16 
out la free to be moved manually m a horizontal plane in 
•ny direction. The metal plate 16 la pr*vi«ied with a vent 
hole 18 which is vertically aligned with thi. axi. of the 
nozzle 20 so as to pass fluid which iaauea from the nozzle; 
» tray l 9 lB adapwd te ca „ ft aRy flui(| ^ 

vent hole 18. 

The following example will illustrate operation 
of thia apparatus for treating a staple fib.r batt. The 
wire aoreen carrier 15 of Figure I i, first covered with 
» »heet of Kraft paper, which aervea to prejent entangle. 
MM of thg flbep « with the screen. Alternatively, a fine 
mean screen may be uaed to minimize entanglement of the 
fibera with the screen, while still pereltujig drainage of 
water through the screen. A loo a a batt 14 «.f randomly ar- 
»yed atapie fibera la then laid on the xrai't paper. The 
Jaeic 17 is adjuated vertically ao aa te poaj.tlon the upper 
face of *he batt about 1 inch below the tip of nozzle 20. 
The batt la then expoaed to the action of the high velocity' 
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stream of water while simultaneously being passed horizont- 
ally along a straight line in one direction. A series of 
batta, ranging in thickness from 1/16 to 3 inches are proc- 
essed in thia manner, successive passes being made along 
lines parallel to the first pass. Some of the batts are 
also subjected to successive passes along lines at right 
angles to the first passes, in all instances, it is ob- 
served that along the lines of fluid treatment, the flbera 
of the bate are driven generally downward, thus tending to 
conaolidate the battj in addition, the flbern are entangled 
and intertwined with one another and, in general, are drawn 
into a discrete continuous line coincident with the central 
axis of the nozzle or fluid stream. 

The nozzle shown in Figure 2a is adapted to be 
connected to pipe line 8 and consist* of a body 21 having 
an axial bore 22 which ia generally closed an the bottom 
end except for a pair of orifices 23, 24 wbiish are coplanar 
with each other and with the axia of the bom 22 and are 
inclined toward each other, m the direction! of the fluid 
flow, at an included angle A. Thia angle Is [about 20* to 
83 * &r>d th « orifices are 0.007" diameter. Fluid streams 
emerging from the orifices 23, 2k are ccntinioua but tend 
to break up as the two streams impinge on each other. In 
the use pf this type of nozzle, the sheet material la plaoed 
either above or at the point of intersection 
If the streams are allowed to Intersect too 
sheet material, the columnar effect of the streams is 
destroyed and the desired fiber interencanglsment is not 
obtained. 

A variation of the nozzle of Figure 2a is shown 
in Figure 2b, in which a pair of 0.007" diamLter orifioes 
23* 24 are disposed parallel to each other ehd coplanar 
with the bore 22. ! 



of the streams, 
rar above the 



0 
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The nozsle shown m Figure So la similar to that 



central orifice 24 
bore 22. At a 



shown in Figure 2a, except that a single 
is used; this orifice is coaxial with the 
pressure of about 1,000 lb./aq. , a single 0.007" diameter 
orifice will deliver about 9.41bs. of water per hour and at 
2,000 lba./sq. in.,i6. 7 ib./hr. 

An alternative apparatus for tfce continuous treat- 
ment of fibrous sheets is shown in Figure 4. Water at normal 
tap pressure is supplied through valve 8a and pipe 82 to a 
high preseure hydraulic pump 83. The punp may be a double- 
acting, single plunger pump operated by sir from line 84 
(source not shown) through pressure reguiating valve 83. 
Air is exhausted from the pump through line 86. water at 
2000 lbs./sq.in. is discharged from the pump through line 
87. A hydraulic accumulator 88 is connected to the high 
pressure water line 87. The accumulator serves to even 
out pulsations and fluctuations lh pressure from the pump 
83. The accumulator is separated into two chambers 69 and 
90 by a flexible diaphragm 91. Chamber 39 Is filled with 
water at 2000 lbs./sq.in. and chamber 90 lis filled with ni- 



trogen at the same pressure. Nitrogen is 
Pipe 92 and valve 93 from a nitrogen bottle 9*» equipped 
with regulating valve 95. Nitrogen pressure can be released 
from the system through valve 96. Water 
ia delivered through valve 97 and pipe 98 
supplying orifices 100. The fine streams 
Ing from orifices 100 impinge on the material being treated 
102, which is supported by conveyor screen K15. 



supplied through 



st 2000 lbs./eq.ln. 
to manifold 99 
of water 101 emerg- 



The noasle shown in Figure 3 can be used when in 



termittent flow is desired, it resembles 
type of fuel injection nojxle. The body 



bore 22 in which a close-fitting cylindrlaal plunger 50 is 



a dleael-engine 
31 has an axial 



31 adapted to form 



situated. The plunger has a conical tip 
a fluid-tight seal in a mating oonical so it 32 at the lower 
Part of the bore 30. Axial paesage 33* olr smaller diameter 
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than bore 22, opens downward from the conical teat, An 
annular space 34 is cut into the conical seat*! A fluid 
supply passage 35 1* drilled downward through '>ody 21 alang 
aide of bore 22 to communicate with the annular space. 
Plunger 30 is urged downward against the conical seat at a 
pressure determined by adjusting a spring 36, When this 
pressure is exceeded by fluid supplied to spaes J>4 through 
passage 35, then plunger 30 is forced upward ahd a fluid 
passes downward through axial passage 33. A nozzle tip 37 
screws onto the lower end of body 21 and is provided with 
orifices, such as orifices 24, 25, 26, which direct fluid 
from passage 33 downward in columnar flow, An/ of the ori- 
fice arrangements shown in Figures 2a-2c can be used. 
Another suitable tip is provided with a central orifioe 
0*50 mm, in diameter surrounded by six orifices 0,45 mm. 
in diameter and equally spaced on a 30* included angle cone 
in the manner illustrated for orifices 24, 25 and 26. 

When the nozzle of Figure 3 la used in the appara- 
tus of Figure 1, intermittent impulses of high pressure 
fluid are supplied by an intensifier 40, a standard piece 
of equipment which, when supplied with drivinj air at a 
presaure of 40 psig,, will boost the water pressure to about 
20,000 pounds per square inch gauge in short. julses having 
a frequency of about one pulse per second. Wis is supplied 
to nozzle 20 through line 41 provided with a throttling 
valve 42, Water and air are supplied to the intensifier 
through lines 43 and 44, respectively. The hydraulics ac- 
cumulator system described previously is not used when the 
intensifier is used, so line 8 is disconnected. The fibrous 
sheet material is treated in the same manner as before but 
the pulses of high velocity fluid, formed with the intensi- 
fier and nozzle of Figure 3/ pierce the sheet material at 
intervals along the path of traverse under thu nozzle. 
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Short discrete seam-like bond* mi/or point 
duced at each spot pierced by the intermittent 
frequency and duration of the fluid pulaea maj 
by adjusting spring 56, by throttling with 
selection of the nozzle tip 37, to produce a 
range of O.OOOp to 0,005 inch in diameter 
the fabrio at pressures of the order of 3000 
square inch in the desired bonding pattern. 

Instead of using individual nozzles 



3 



_ing the fibroua sheet to a number of successive passes 



plurality of nozzles arranged in a row a nd sp aced any de 



aired distance a part nay be used to increase the area of 
treatment in a single pass. By this method, 



5 



" »«ama" >a close to each other as 0,025" or 1< ibs can be 



produqjfl m batt materials in two directions, 
their appearance to that of a woven fabric, 
the continuous production of a non-woven fabr\ 
process is shown schematically in Figure 5. 



eqame are p ro- 
stra a;. 1, The 
be controlled 
42, and by 
in the 
impinge on 
bounds per 



va:,ve 
1 3 'earns 
which 



and subject- 



parallel 



changing 
apparatus for 
c by this 



5 



eonvayor 50 la attested to tra*iiB«i-e « h-*^^ 


fibers 28 in 


the direction of the arrow. Tr«nevtr»> nf th 


) conveyor la - 


a Plurality of spaced atationarv na* s i»i *l w: 


iifl]i-a»^___ 


adapted to modify the'batt alons liwnn rfi.nn* 


id in the di- 


reotion of batt travel aa denoted by the line 


1 52. Down- 


•trean of cne noaalea 51 are one or more nozz 


Les 53 which 



(by a m echanism not shown) so as to modify thk batt along \ 
the lines 54 which are gene rally perpend! oul alr to the lines 
92. Still further downstream la a series of Irollers 55a, 
b, c, and d which change the direction of thJ modified batt, 
causing it to be momentarily immersed in a lijquid filled 
tank 56 for shrinkage, dysing, bleacfaiag, #tcL At the 
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extreme right is a windup 5S for receiving product. The 
roller 55-d may be used for pressing or wringing tho modi, 
fled batt, heat treating or drying it, enibosslng it, etc. 
In operation, a batt of fibers 88 is advanoed 



from left to right under the various nozz 



_Jles where it is 
modified ; either continuously or intermittently) in one or 
oore directions; the batt then travels tcj the liquid bath 
where it la shrunk, being subsequently dxllad or partially 
dried, and, finally being- wound on a suitable eore. 

Figure 6 la a schematic illustration of an appara- 
tus for the high speed production of continuous chenille- 
type yams, in the apparatus, a horizontal belt-type screen 
conveyor 60 is adapted to transport a batt of fibers 28 be- 
neath a plurality of equally spaced nozzles 6l, which latter 
are adapted to modify "the batt of fibers so as to form a 
plurality of separate chenille-type yams. Downstream of 
the conveyor is a plurality of spaced circular cutting 
kniveB 68 arranged on a horizontal shaft and driven by a 
eource of power not shown. At the extreuje right ia a 



traversing 
conventional cakea 



plurality of windups including a suitable 
mechanism (not shown) which windups form 
6j. In operation, the batt is advanced Iran left to right 
under the various nozzles where it is modified into discrete 
yarns equal in nuabsr to the number of no: 



zzles; further 



downstream, the rotating tcnlvea 62 slit the yams from 



How ver, a e mmon denominator among the many processes is 
the behavior of individual filaments or t 



12 • 



are individually 



neighboring ones and, finally, the yams 
wound to oakea 63, 

In general, a variety of processes to obtain dif- 
ferent products are possible according tc 



this Invention. 



taple fibers under 
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the influence of high velocity fluid streams. The mechanism 



the fibers of the 



of the prooess appears to be one in which 
sheet material are caused to move, intertwine, or interlace 
with other fibers. The behavior of the fibers is beat 
described with reference to Figure 7. Figure ?» shows a 
cross-section of a substantially unmodified batt of randomly 
• arrayed fibers. It may be seen that cardajd and cross- 
lapped filaments are arrayed in atrata in 
filaments are more or less parallel to th« 
filaments are not parallel to each other tut are dispersed 
more or less randomly. The approximate be lindanes of the 
atrata are defined by horizontal lines; ttese lines are not 
intended to depict staple fibers. The befcavior of one 
filament 70, marked with x«e alon B its lergth, ia reviewed 
below. 

In Figure 7a, the filament 70 la seen to lie in 
the unmodified batt near the top of the bajtt and generally 
parallel to the plane of the batt. i 



which individual 
horizontal ; the 



Figure 7b showe the sane batt after a short dura- 
tion exposure to a high velocity fluid stream 38. In Fig- 
ure 7b, the filament 70 is seen to be driven substantially 
through the entire thickness of the batt at two points 71 
*na 72. The high velocity fluid streams penetrate the full 
thickness of the batt and impinge upon the backing. The 
primary function of tne backing is to serve ae a support 
for the batt material. Preferably screen lor similar mate- 



therethrough, 18 
stream or a por« 



rial, whioh will permit the flow of water 
used, as it impinges on the backing, the 
Won thereof may be deflected, i.e., proeeled In a generally 
horiaontal direction or in the plane of the batt, carrying 
filaments therewith as shown by the loop ift the filament at 
point 73. At this stage, the filament 70 He rather 
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vice versa, 
sewn" or 
■nterentangling 



In 



thoroughly entangled with ita neighbors and 

the various strata of the bat t are ■' 

'"itched" t0 * efcha * *>o n the migration and 
of the. fibers 

Figure to shows the same batt af t< r it has been 
«*nuaiiy turned over and treated with high velocity fluid 
mw. on its reverse . ld e. It i. seen thst further inter- 
entanglement and Intertwining of the filacer ts occurs in 
"adorn fashion so that the batt becomes highly coherent in 
the region in which it is treated by the fluid streams, 
anamination of the treated batt reveal, th.tl.ome fiiaaent. 

ntialiy pierce the batt at several diff.Lnt locations, 
thus acting as randomly dispersed sewing thr.ada. The 
treated batt generally exhibits considerable tensile strength 
o» * three-dimensional scale and al.o shows ,i markedly in- 
creased resistance to surface abrasion. 

While the description Just fiiven ^es not specify 



th. are, of the batt jhatw^rf^^ >rtt 
j°-™Linj*udl^ 

the tvtta rtr apm^ ^ _ . ' 



J*?-***?-**^^^ exampl(i 
quilWik. structure a b.tt would be treated 



— »«nj or 

Point, corresponding to the pattern of »..ims«' doalrad A 
non-woven fabric may be obtained by treating ^ 

lavBMAJ - ^ " 



35 



— — — " ~«we» w*- tnqn qa rgc 

J*B±. Tho varlou. types of products which may bo obtained 
..cording to this invention an* iiiu.trat.o- to th. following 
exaapiaa, 7 



to obtain a 
along lines or 



— — — » i. b.tt or 

^?iJtr ucture,ov. r it. e ntir e «re* i n one or mor a dlree- 



SXAHPLS X 

This example llluatratea th 
30 fiber batt into a Quilt-like structure . A 
l»Pl»d batt QfJPQlyethyien, terephthalat s 



conversion f a staple 
d, cross- 
fibers. 



card 

tapl 
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having a denier of 1.5 and a length of 1.5 inch, la laid on 
a sheas of Kraft paper on the wire acreen carrier of the 
apparatus ahovm in Figure 1. The apparatus ii equipped 
with the nozzle of Figure 2a. Using the oontLnuoua accumu- 
lator system and a pressure of 1,200 pounds p»r square inch, 
the batt la subjected to a high velocity stream of room 
temperature water by passing the batt horizontally under 



the no zzle at 50 to 60 yards per min ute at a (11 stance of 
about 1 inch below the tip of the nozzle. This distance 
10 corresponds approximately to the point of intersection of 
the two streams emerging from nozzle 2a. 

Successive passes are made along lihes parallel 
to the first pass and approximately 3/4" apart. In 
addition, a series of passes are then made, approximately 

15 3/4" apart, along lines substantially at right angles to 

the first series of passes. The batt is ther removed, dried, 
and examined. It now has the appearance of a 
ture, having seams spaced about 3/4" apart in 
Figure 8 shows a 2X enlargement of a typical 

30 in thla manner. The treated batt Is now a adherent struc- 
ture with substantial strength in all directions. The high 
degree of fiber interentanglement along the processed aec 
tione Is readily observed. These sections talcs on the ap- 
pearanoe of discrete seams as If separate threads have been 

25 embedded In the batt In the treated areas, 

EXAMPLE II 

This example illustrates the preparation of a 
quilted batt followed by shrinking to effect additional 
consolidation, 

30 a batt composed of shrlnkable polyethylene ter- 



qullted struc- 
two directions, 
batt processed 



ephthalate staple fibers la processed in the 



same manner 
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aa in Example I, The quilted structure, thus bbtained. ia 
then oaused to shrink by pawing it under Jets 



ateam at 50 pounds per square inch. In this manner, a fa- 



of saturated 



:rom a normally 



brie of relatively high strength is obtained f: 
weak* randomly-arrayed batt material* The appearance of a 
typical batt before and after shrinking is shoyn in Figure 9 
at 2X enlargement. 

EXAMPLE III 

This example illustrates the preparation of a 
chenille-type yam by the process of this invention. Using 
the conditions of Example I, a carded cross-lapped batt of 
polyethylene terephthalate etaple fibers is subjected to 
the action of high speed fluid streams in a series of lines 
in one direction of the batt. Thus, in effect, a series of 
parallel seams is produced in the batt. Each of these seams 
ie now cut from the batt to produce a yarn. B;r regulating 
the spacing between seams within the batt, it U possible to 



produce yame of any desired bulk and texture 
teriatic of such yarns is that the fiber ends 
when the seam ia cut from the batt, protrude essentially 
nomei to and 360 # about the yam axle. If majle of a 
shrinkable fiber, the yam may be subsequently 
a shrinking treatment to produce a yam having 
teristics of a felt. 



An advantage of this process la the 
economical production of a yam directly from 



material. Another advantage is that the proceis may be used 
to produoe yams from fibers whioh cannot be processed in- 
to yarns by conventional yam spinning techniqies. Fine 



metal fibers may even be converted to yams by 
Of this invention. 



One charac* 
produced 



subjected to 
the charac- 



ilgh speed, 
i bulk fibrous 



the process 
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figure 10 shows typical chenille- 
about 9000 denier produced directly from po 
ephthalate staple. The site of the yarn produced can be 
controlled by regulating the *l2e of the "seam" and the 
dletanee from the seen axis along which the 
Other variations are possible depending on 
denier, and type of staple fiber used, Ad 



liice ygrnc of 
iyethylenc ter- 



batt Is cut. 
the length, 
litional effects 



can be obtained by varying the angle of contact of the 
fluid stream with the batt* Hef erring to Figure 10, the 



yarn ocnplt? on the right illustrate* this dfi'ect. Thus in 
this sample, the filaments protrude at an angle with re- 



epect to the yam axis. This effect is obtains 



the fluid stre ams in the direction of movement of thcTSS 
during processing. In oontr ast, the other llluat rated" 



yarns are produce d by directing the fluid « 
to the batt during processing. 



treasts normal 



The production of yarn by this 
limited to staple fiber batta. Thus, continuous 
batts or composites thereof with staple fiber 
used to produce additional novel yams. 



invention is not 
filament 
batts may be 



EXAMPLE IV 

This example illustrates the production of a 
non-woven fabric from a continuous filament web. 



17 
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A loose web oonaiating of polyethyl 



thalate filaments randomly dlapcaed throughout the web la 



ene tereph- 



laid on a 
screen carrier 



10 



15 



30 



25 



>0 



treated in the following manner. The web la 
sheet of Kraft paper and placed on the wire 
15 of the apparatua of Figure l. The contiguous aceumula- 
tor system la uaed In aaaoolatlon with the nozzle of 
Figure ab, to produce two parallel closely-apaced streams 
of room- temperature water. The jack la adjusted to bring 
the web to a position about 1 inch below the tip of the 
noMle. Theweb ia then moved horizontally (in one dlreo- 



tlon at a rate of about 50-60 yards per minute". The proo- 



< eae^TT"repeated until a number of auc"c"e"e"slve 
to the first and eubatantiallv cav tr < n g »w> 



passes p arallal 
entire area ©f 



dried and ex- 



the_web_ are made. Th e web la then removed, 
•mined. The filaments of the web are observed to be so 
thoroughly interentangled with one another tr»at the re 
eulting structure has the coherence, atrengtfi and stability 
of a woven fabric. Individual layers of the 
cannot now be separated except by tearing this filamenta. 

• EXAMPLE V 

This example Uluatratee the treatmsnt of a cal- 
endered web of continuous polyethylene terep ithalate fila- 
ments, which are randomly deposed in the web and bonded at 
their crossover points. The web has a denaity of about 3 
ounces par square yard. 

The above described web la laid on k aheet of 
Kraft paper on the wire aoreen carrier of thi apparatus 
ahown in Figure 1, The apparatua ia equipped with the 
nossle shown in Figure 2b and the continuous accumulator 
system la used to produce two parallel, high velocity atreama 
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of water* The web la then subjected to f 
pounds per square inch, while simultaneously 
horizontally under the nozzle approximate 
the nozzle tip, at a rate or aboutJj£=jSO^ 
The process is repeated until a number of 
parallel to the first, are made. 



The web is then removed , dried 
though the untreated w*b contained numerous 
many of the filaments were free to move 
the treated web, the filament* are observed 
entangled with one another , thereby makini; 
coherent. The thickness of the web ie not; 
changed by the treatment* In general* thii 
markedly Improved three-dimensional strength 
to surface abrasion. 



EXAMPLE VI 

Thia example llluatrates the us* of high velocity 
fluid streams to attach a fibrous batt to a fa bric. 



A looae batt of polyethylene tei'ephthalate staple 
fibers is laid on a 110 x 76. 70 denier, \A filament nyl on 



uld action at 1500 

being moved 
y 1 inch below 
asds P«* nanus* t . 



successive passes , 



ind examined. Al- 
bond sites, 
did ao. In 
to be inter- 
the web highly 
appreciably 
treated web has 
and resistance 



fabric. The composite is then laid on tho wire screen 
carrier of the apparatus of Figure 1. Tho continuous accum- 
ulator system/ at a pressure of 1200 pounds per square inch, 
is used In association with the nozzle of Figure Zc, the 
orifice of which has a diameter of 0.009 :>nch. The jack is 
adjusted to bring the upper face of the butt to a position 
approximately 1 inch below the tip of the 
posits is then passed horizontally in one 
rate of Ahout^qo-fia yarda par mimitLA. ?h<> prooe as is re- 
peated in successivs paases first in one direction and then 



nozzle. The com- 
direction at a 
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transverse thereto. The composite is then Umoved from the 



observed that 



screen carrier, dried, and examined. It is 
the etaple fibera have been forced by the h:.gh velocity 
fluid into and about the fabric, locking themselves by 
frictional restraint to other fibera and to the backing. 
By the uae of the angled nozzle of Figure 2i>, the degree 



_gf interentanglement and interlocking on th^ reverse aide 



of the fabric can be increased. 



Figure 11 ahowa a fcypigal_gfeapig fj fr** 

the figure i 



stitched to a nylon fabric. At the left of 



a portion of the batt haa been forcibly ripped away to give 
some idea of the degree of attachment. 

EXAMPLE VI^ 

This example illustrates the uae of high velocity 
fluid atreams to attach a continuous filamenjt web to a 
fabric substrate, 

A web composed of polyethylene tensphthalate con- 
tinuoua filament* , diapoeed in random faahioii throughout 
the web, ie laid on the nylon fabric described in Example 
VI. The composite ia then aubjected to the Action of high 
velocity fluid atreama in the aame manner described in Ex- 
ample VI. Again, it io observed that the ft; 
been driven into and attached to the fabric, 
ahowa a 1-1/2 x enlargement of a dingle line 
as viewed from the reverae side of the fabric to ahow the 
attachment and interlocking of the filament web to the 
fabric. 



laments have 
Figure 12 
of treatment 



In addition to attaching bulk fib> ^« matar faij 
to a fabric, the proceaa of thia invention majy be used to 
attach staple and/or continuous filaments to jvirtually any 



20 
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20 



25 



substrata, for example, to paper, sponge, cellular struc- 
ture s, wire screens, soft woods, metal and 
the use of needles, adhesivea, thread, conventional 
machines, staples, or other fasteners, 



This example also illustrates the 
process to ft ^ r f ur-like effect 

shown in Figure 12, the reverse, or untreated 



as e of this 
Thua, as 
side of the 



Satt-fabric composite, consiata of a series ?f protruding 



fibers. By proper contro l of preceasing conditions, a 
10 uniform pile-like surface may be obtained; ; 



protruding fibers may be sheared to any 
The fluid streami may be oauaed to act on th^ 
rial in any desired pattern and/or at diffe 
produce different effecta. natural snrl/nr 
iTiTTnili e inn llll | pf langtha. crlmn. color, tfrgtura and^hha 



like may be use d to impart epe oial effeots* 

EXAMPLE VIII 

This example illustrates the use o 
flow to obtain "point e earns" in a fibrous ba 



A bat t, of approximately 1/ft" 
slstlng of carded and cross-lapped layers of 
ethylene fc »»*fo<fr«i»feft .^pia, poasessmg ft 
heelveness normal to the plane of the batt 
and tensile strength in the transverse diree 
on Kraft paper on the wire ecreen carrier of 
of Figure 1. The noaale of Figure 3 is used 
with the intensifier ko shown In the dotted 
ure 1, The jack Is adjusted so that the top 
batt is about 1 inch below the nozzle 20. 
preaaure at the n zzlt tip of 1500 lbs./aq. 



in 



like, without 
sewing 



w'esiri'd, the 
desired pile height, 
fibrous mate- 
rfrnt velocities to 

«« ri w irn 



pulsating 
tt. 



thickness 



and con- 
y jjoly- 
dilnlmum or co- 
and minimal shear 
Hone, is placed 
the apparatua 
in association 
iiyetern of Fig- 
face of the 
lining a fluid 

the batt la 
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exposed to the sction of short columnar streams or water, 
which strike the b&tt at intervals as it is traversed hori- 
zontally under the nozzle at a rate of about 30 to 60 yards 
per minute. The batt is then manually turned i>ver and 
treated from ita reverse side. The batt now contains swell 
discrete areas of high fiber entanglement or ";Doint seams** 
dispersed over its entire area. The discrete layers of the 
initial batt have substantially disappeared and portions of 
the batt can no longer be separated from each ither except 
by tearing the fibers. The over-all cohesion and tensile 
strength is many times that of the untreated b^tt. An in- 
creased resistance to surface abrasion is also 



Various degrees of interentanglement 



tained by reguiatmgthe velocity of the fluid 



15 or the distance between the batt and the tip oi 1 the nozzle. 



observed, 
can be ob» 



stream and/ 



Thus, by increasing the velocity and/or positioning the 
batt closer to the nozzle tip, very dense area* of fiber 
entanglement having the appearance of nubs are produced 
within the batt. i 



20 EXAMPLE IX 

This example illustrates the production of point 
seams in a cotton batt, 

A sheet of cotton batting is processed aa in £x* 
ample vill with the following exceptions. A nczzle of the 

25 type shown in Figure J, but with a single central orifice 
of 0.5 mm diameter is used together with the irtenslfier 
system of Figure 1 and adjusted to give discrete fluid 
pulses at a rate of 10 to 15 per second at flujjd pressures 
at the nozzle tip of 3, 000 lba./sq.ln « At the [location of 

30 each penetration of fluid Into this batt of cotton, a 



1* 



•r.t 



4 V.« 



ft 



- 



V 

I 
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"point seam' 4 is found well within the batt 



which "point 



seam" ia made up of surrounding and surface filaments. 

Such processing thus provides a method for at- 
taching layers of batt- like materials togecher, as in the 
above example! or for attaching batt materials to fabrics, 
cellular type backing, etc., at discrete points up to and 
including the entire area of the sheet material. 

In the following examples, the tensile properties 
are measured on an Instron tester at 70 # P* 
tive humidity. Str ip t e nsile str ength is 
sample 1/2 inch 



and 65$ role- 
iletermined for a 



wide, using a two-inch sample length and 
elongating at 505S per minute. Grab tensile strength is 



measured on a sample four inches wide, using a three-inch 
sample length and elongating at 4oo# per m;inute, Initials 
^modujjij^j^jja^ thtjlhlyial sjopfLQf 

the stresses train curve. 

The 55* secant modulus is determined by A.S.T.M. 

_______ 

Standards £6-61, part 10, page IQ36. 



inch by six 



^Drape flex is measured using a one 
inchea sample and moving it slowly in a direction parallel 
to its long dimension so that ita end projects from the ' 
edge of a horizontal surface, The length of overhang is 
measured when the tip of the sample is depressed under its 
own weight to the point where the line Joining the tip to 
the edge of the platform makes an angle of 
horizontal. One half of this length is this bending length 
of the specimen, reported in centimeters. 

EXAMPLE X 

This example illustrates the conversion of a 
layered c mpoaite into a non*woven fabric Having the 
strength, drape and aesthetic properties or a conventional 
fabric. 
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U) Forty denier, 27 filament polyethylene tereoh 



thalate continuous filament yarn i B wound nt 80 ends/ineh 
in both directions around a metal frame, so that the yarns 
of one warp cross those o*" the other warp tit a S0 # angle. 
£ The yarns are then sprayed with a dilute (<*) watar solu- 
tion of polyvinyl alcohol and allowed to day. This holds 
the yams in place and the resulting structure is cut from 
the metal frame to yield two crossed warp s|heets at end 
counts of 80 x 80. One of these sheets is I then placed on 
10 a 30 mesh screen and covered with a carded lataple batt 



(approximately 0.3 oz./yd. 8 ) of 1.5 dpf, 1 
ter# B hr.h^ ni ft i-« r i. Utilizing apparatus 



in Figure 4 , $h£ 
diameter orifices 
1500 lbe./sq. in. 




1/2" polvathvl»n» 
of the type ahown 



ppfiai£A.i8 pasted under 0.0028" 



bentefrg-impp) lq 4__with water at 
la made in eac* direction of 
the crossed warp yama with the orifices Just contacting 
the surface of the staple batt. The structure is then 



lifted from the screen and turned over. A 



staple batt of the »™« r ln-fM It nf thr 



second card*. 



cro»»»d warp structure and the three-layer ieomBpaite^.4a 



subjected to the action of high speed fluid atreame again. 
The atructure la then lifted from the screen and turned 
ever, i.e., returned to its original position, and again 
subjected to the high apeed streams. FinaJly, the struc- 
ture is removed, from the screen, blotted bstween paper 
towels and ironed dry at an iron aetting or 200*C. The 
resulting structure is a strong, drapable r on-woven fabric 
having the following properties! 



Basis Tenacity 

Teat Weight (lbs. /in./ Elong. 

Direction (oz./yd. a ) pa. /yd. 2 ) It) 

2.9 M,8 51 



Modulua 
lba./in./ 
02, /yd. 8 ) 



Warp 
Bias 



2.0 



105 



118 
0.6 
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(8) Continuous filament webs can also be united with 
a croased-warp by a similar procedure to produce a non- 
woven fabric having highly attractive properties, espec- 
ially ao to drape, conformabillty and abraalion resistance. ( 
A crossed'warp structure is made from 70 deinier, 24 fila- 
ment polyethylene terephthalate yarn at 40 ends per inch. 
The structure is sprayed with a polyvinyl alcohol size to 
permit bonding in subsequent operations, Gn each side of 
the crossed-warp structure there is placed a continuous fila- 
ment web, having a basis weight of approximately 1*0 oa./- 
yd, 2 , and consisting of two- component, postj-crimpable fila- 
ments prepared from polyhexarnethylene adlpajmlde and a co- 
polymer of polyhexarnethylene adlpamlde and polyhexarnethylene 
aebacamlde. 

Using apparatus of the type shownl in Figure 4, the 
composite is subjected to high velocity flild streams using 
1300 lba./sq.in. pressure and a 30-mesh backing screen in 
the following sequence t 

lstt 2 passes on each side using 0.0d28" orifices 



2nd; 
3rd: 



2 passes on each side using 0.0d5" orifices 
2 passes on each side using 0.0C|7" orifices 

dried. Crimp 



The structure is then removed ant 
is developed by subjecting It to 30 lbs, /sc. in. gauge 
saturated steam for about 1 minute in an ai to clave, The 
resulting non-woven fabric has a basis weigtht of about 6 
oa./yd* 2 and a good balance of tensile strength, compli 
anee, bending length and abrasion resistance as shown In 
the table below* Abrasion resistance is determined as 
described in AS1W Standards (1961), part 9 # 
except that the flat sample-holding plate 1 



a curved plate; having a radius of curvatuxe of 6 Inches 

at the surface over which the test sample is wrapped. 

Mod. (5* Abrasion 
Tenacity Secant) Drape Resistance 

(lbs. A**./ Elong. (Ibs./in./ flex j cycles 



pages 318-326, 
s replaced by 



GC./yd.g) J£) og./yd,g) 

77 5.1 a. 67 
171 0.53 2^ 



Machine 
Direction 8.07 
Bias 

Direction 4.38 



to fail 

79 
70 
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The fact that continuous fiiamenca can be ao 
thoroughly interentangled with a croased-varp as to pro- 
duce a stable, coherent non-woven fabric, further em- 
phasises the high degree of fiber-interent[anglament obtained 



5 by the process. Thia coherence la evident 



abrasion resistance (70*79 cycles), Comparable gtructuree 
which have not been hydraulically treated] fail v/ithin 10 
cycle*. 

EXAMPLE XI 

This example illustrates the production of a non- 
woven fabric by interentangling staple fibers into a scrim 
base, 

A carded stapled batt (approximitely 0.4 oz./yd, 2 ) 
of 2 dpf , 1-1/3 H polyacrylic etaple is placed on top of a 
commercial cotton chjwrSeclotti ,(24 x 24 construction) , which 
in turn is laid on [a 30-mesh. 
the type disclosed 
treated with water suppj 
diameter orifices on> 
each direction of th\ 





from the high 



creen. Using apparatus of 
( the compoeite structure is 
t 1500 lbe./^q.in. to O.O028 M 
pass is madi 1 in 



en****; — ©n* 

in the chesaedloth with ori 



The 

turned over, 



flees Just contacting ^the surface of the Staple batt. The 
structure ie then lifted from the screen tnd turned over. 
A second carded staple batt of the same tape is placed on 
top of the cheesecloth and the treatment repeated, 
structure la again iirtad from the screen, 
and the treatment la repeated* The structure is then re- 
moved from the screen, blotted between paper towels and 
ironed dry, The following table lists properties of the 
original cheesecloth, the non-woven fabric made as de- 
scribed above with one carded batt of staple on each side 
and treated three timea, and a similar etJTuoture made from 
two carded staple batte on each side and ireated five 
times. 
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over* and 

0,5 os./yd. 2 ) 
staple fiber 



4, is treated 



EXAMPLE XII 

This example illustrate* the production of a non- 
woven fabric from a layered composite cons 1b ting of a con 
tinuous filament web with a staple fiber batt 
underlay. 

A carded staple batt (approximately 
or 1,5 dpf, l*l/2 H polyethylene terephthalate 
is placed on a loose web consisting of polyethylene ter 
ephthalate filaments randomly disposed throughout the web* 
This structure la then placed on a jo-meah screen and, 
using apparatus of the type showing in Figure 
with water supplied at 1500 psi to 0.0028" diameter orifices 
on 0.025" centers. Two passes are made under the orifices, 
the second pass being at 90 § to the first paae, with the 
ox^ifices Just contacting the surface of the staple batt. 
The structure is then lifted from the screen, 
and the process repeated with another staple 
of the web. The structure is then returned to the original 
position and again subjected to the high spe«d streams of 
water. The following table liats properties of the un- 
treated web, the non«woven fabric made as des cribed above 
with one carded batt of ataple on each aide and treated 
three times, and a similar structure made with two carded 
batts on each aide of a continuous filament ijeb and treated 
five times. 



turned over, 
batt en top 



B^ala 
weight 
(oz./yd. 2 l 

Continuous 
Filament 
Web l.W 

Continuous 

Filament 

+ 2 Batts 2.00 

Continuous 
Filament 
web + 4 
Batts 2.57 



Tenacity 
{lbs. /in./ 
02. /yd. 2 ) 



0.33 



Blong. 



18 



oc 



0.90 



3.12 



36 



145 



Moduluu Drapft 
(lbr./in./ Pl»x 
, /yd. 8 ) (em.) 



!».9 



6.8 



8.7 



2.4 



2.3 



2.8 
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EXAMPLE XIII 

Thxa example illustrates the preparation of a 
drapable nonwoven fa brio combining conformability arid 
elasticity without bulk. 

Seventy denier spandex elastic yarn is wound 
into a crosa-warp at 50 enda/inch each way over 30*mesh 
screens. The cross-warp ia self -bonded by a 30 -second 
treatment between 30-meeh aoreena in a preaa at 215*C, 

330 pai for 30 aeconde. j 

i 
! 

The croaa-warp is then removed frofn the screen 
and hydraulic* treated aa follows in a manned ainilar to 
Example X: 

1, 0.1 oz, /yd, 2 polyethylene terephthalate carded 
tact la hydraulicaily attached to one aide with 3 mil jet 1300 
pais over 30-meah screen, Two pauses on each side against 
the face of the jot are made, 

2* A eeoond polyethylene terephthalate batt is 
hydraulicaily attached to the other aide with 3 paaa*8 alter- 
nating aides using same conditions as in 1. 

3. Sample ia dried and pressed fllat at 100'C, 
200 psi for 30 seconds. A light weight, drapable, non- 
woven fabric of woven fabric aesthetics is obtained. 

Propertiea 

Wt. (oz./yd. s ) 2.3 

TO, (mils) 9 

T (lb. /in. /oa. /yd. 2 ) O.S 

K (Jj) 27* 
M 3* aec.UWin./os./yd. 2 ) 0.4 

BL (cm) 1*4 



TR^/TRxo <*) 
WrJ/WR 10 <#) 



B7/8<* 
?1>3 
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EXAMPLE XIV 

This example Illustrates the production of a 
non-woven fabric from « loose fibrous web. j 

A loose web oonelstlng of polypropylene contin- 
uous filaments randomly disposed throughout i;he web la 
treated in the following manner. The web la laid on a 
30-aesh screen and, using apparatus of the tj?e shown in 
Figure If, is passed under a series of 0.0028' diameter 
orifioes on 0.025" centers supplied with wat«ir at 1500 
Iba./sq.in. Two passes are made under the orifices, the 
second pass being at 90 B to the first pass, with the 
orifi oes Just contacting the su rface of the web. The 
atructure it then lifted from the screen, turned over 
and treated again. A coherent, stable non-woven fabric 
la thus obtained from the loose web. The hlnh degree of 
fiber lnterentanglement produced by the aotlin of the 
high speed streams of water Is evident from i;he Increased 
atrength of , the treated web. Properties of iihe treated 
and untreated webs are given in the table be:.owt 



Basis Tenacity 
Weight (lbs. /in./ Elong. ( 
(os./yd. 8 ) oz./yd.g) (*) ( 



Modulus 



Untreated 
Treated 



1.5 
1.6 



0.13 
1.0 



53 
152 



EXAMPLE XV 

This example Illustrates the use o f high speed 



Drape 

*bs./ln/ pi tx 
fa./yd. 8 ) (cm. 



0.2 
0.8 



2.1 
1.9 



liquid strearaa^to develo p surface cover on w^ven fabrics and 
to produce a fmiingand napping eff e 0 1 . 



20 -mesh screen 



A suiting fabric is supported on a 
and, using apparatus of the type shown in Figure 4, is sub- 
Jected to streams of 1500 lbe./aq.in. water* j emerging from 
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0.007»lach diameter orifices on 0. 050-Inch 



fabric is subjected to four passes in the 
at the orifice faces. 



10 



15 



20 



25 



30 



centers* The 



bias direction 



The treated fabric rvas the appear- 
ance of having been fulled an d/or napped ajid has^an in- 
c reased su rface cover* 



found in a 
woolen spun, 
etic fiber 



These effects are 

variety of fabric types including worsted* 
and flannel fabrics composed of wool/*^* 5 
blends. Typical properties of untreated snd treated 
fabrics are given in the table below x 

Tenacity 

Elonft. (, 

Qg./Yd, 2 j 



(lbsVW 

os./y*- ) 



Slonsi 



Modulus 
(lbs. /in./ 





Polyethylene terephthalate/wcol worsted!-^ 

Untreated 2.3 30 

Treated 3.1 69 

Polyacrylonitrlle/wool flannels 

Untreated 1.0 70 
Treated 2.0 80 

EXAMPLE XVI 

Thie example illustrates similar treatment of 
a Knit fabric to improve ite etability and to alter its 
surface character and tactile hand. 

A eample of interlock eweater rubric made of 
polyacrylic flbere is treated with high volooity streams 
of water from O.007" diameter orifices on 0.050" centers 
supplied with water at 1500 lbe./sq.in., using apparatus 
with the type ehown in Figure k. The fabiric is supported 
on a 20-mesh screen and paased under the orifices at their 
faces. Two passes are made, the second buing 90* to the 
first. The fabric is then turned over and treated again. 
A total of four such treatments (tw on eich side) are 
made on the fabric. Properties of the treated and un- 
treated fabric are as follows 1 



31 



10 



15 



8 




if 
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Tenacity (ibs./ln./°«»A d « 2 ) 
Wale direction 
course direction 

Elongation (£) 
Wale direction 
Course direction 

3£ Secant Modulus (iba. /ine/oa./yde 2 ) 
Wale direction 
Course direction 

Drape Flex (cm.) 
Wale direction 
Course direction 




In physical 



In Addition to the above changes 
properties the treated rabrie aleo hae a marked change in 
aesthetic properties. The_£ab rlc hae a "cleaner" appear- 
ansa, i.e., is i^latlvel^^t a-free, and a farmer ha nd. 



EXAMPLE XVII 

This example further illuatratea the uae of high 



20 



apeed oolumnar streamajof liquid to improve 



the covering 



po^eT!n7^formlty_o7^^ 



A commareial ahl rtlng fabrlo m ade Ifrom a blend 
of cotton and polyethyl^nT terephthalate flbjer la subjected ■ 
to thTTetiSToT-WgirT^^ wa ! ter ln the fo1 " 

25 lowing manner. Using apparatus of the type Ishown in Fig- 
ure 4. water is supplied at JSOO psl to ^OdTjiiameter 
orifices on 0.050" centers. The fabric is supported by a 
30-mesh acrieTlnTT^ paaaed under the orldces jfchroojlmea, 
'the falrtTbeing in contact with the faeea <jf the orificea. 
30 The fabric la passed under the orifices euoli that the 
streams traverse the fabric in the bias direction of the 
fabric. fh^JaJiricie then_mted_f»mjh^ 
over, m^^T^T Hj^ directionlb ut at an angle 

The atreaKeJandjaoj> 



of 90* to the Tlrat treatment. 
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10 



15 



uniformity In the origin*! fabric are removed and, in addl 



tion. the treated fabric la observed to_hajre an Improved 



30 



e o vo ring power as ahown by the data jua^owi 

Untreated Treated 
Transmitted light 5.0* 

Reflected light 78.5Jt 8°«3* 

The above data on refleoted liglv: la determined 
with a photoelectric reflection meter (Modal 610, Photovolt 
Corp.) from the reflectance of the fabric ^gainst a white 
background of known reflectance and againat a black back- 
ground of known refleotance. The data on iight trans- 
mitted ia determined with a photoelectric :ell for light 
tranamitted through the fabric from a diffjise light source 
(Curat No. 609 Projector). 



Similar treatment of other types 



produoea improved covering power aa illuat rated below t 



Untreated 



Reflected Transmitted 
Light _ light 



Nylon 
Tricot 

Nylon 
Taffeta 



66.2* 
66.8* 



SI. 4* 
10.2* 



71.'* 
76. hf 



of fabrics also 



Treated. 



Reflected Transmitted 



In anoth er experiment, a cont lnuoua running 
length of fabric ie treated in the safl^j^iner_aj_dja£^ 



<rlbed~ abo^c7cc^pT^ liquid dlschajrge pipe is 

-pUced~at an obllqueJ ai>glc--*tth-rCTp««^ direction 



W.J* 
4.9* 



( j^"t^eTof the fab£ic_and,ta* pipe ia_also angled so that ^ 
th e streams of wate rXlgw_at^L*B^^ the °"cg» ^>g_ ) 
^Thr te . ^TM^rea^en ^produces th e eamejeffect as if the^ 
f^q^jj^Tj^ a ,_8uitable_j 
r — rTT. \etna lefotttha of fabric. 



w 
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15 
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EXAMPLE XVIII 

This example illustrates, the production of a 
non-woven fabric from a etapli fiber batt. 

A looae batt consisting of carded polyethylene 
terephthalate staple fibers (1.5 dpf, 1.5 



50 



inches) is used 



as the starting material. One sample, designated "A", of 
the batt is placed on a 30-meah screen and, using apparatus 
of the type shown in figure 4, is subjected to the action 



of high velocity water supplied to 0,0028" 
0.085 inch centers at 1500 lba./sq.in, Tl 



so as to Just contact the orifices. Two passes are used 



orifices on 
>e batt is passed 



one transverse to the other, on each side of the batt, i.e., 
the batt is subjected. .to a total of 4 paafes. The batt is 
then removed, dried and examined. It is row a stable, co- 
herent non-woven fabric. A second sample, designated M S" 
oonaisting of 2 layers of the above carde<, a tap la batt, is 
then converted to a non-woven fabric as above except that 
4 passes are used per side, each successive pass bsing 

transverse to the one preceding it, to give a total of 8 
passes. In the table below properties of the untreated 

and both treated samples are given, In ttii table, "M.D." 

refers to the machine direction of the batit and corresponds 

to ths direction in which moet fibers are aligned} "T.D." 

refers to the transverse direction. 



Untreated 
Sample M A M 
Sample "B" 



' Tenacity . 
{lba./iq./ot./yd. 8 ) 
M.D. T.D. 

0.02 
11.10 
15.50 



Elong. 



M.D. TJL 



0.004 


54 


66 


0.04 


0.008 


1.730 


81 


154 


1.90 


0.470 


5.100 


74 


110 


2.10 


1.100 



Modulus d 
(lba./ln./ oz^rd.^) 
M.D. T.D. 
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EXAMPLE XIX 



a invention, 
discrete eo\unn 



In operating the process of thi 
velocity and consequently momentum or the 
of fluid contacting the fibers muat be sufficiently high 
5 aa to phyaically drive the fibers into an interenwngled 
relationship with other fibers. The actiial velocity re- 
quired ia dependent on the nature of the jfibroua aheet to 
be treated and on the degree of fiber mtaerentanglement 
desired. Velocity may be adjusted to any deeired level, 

10 for example i by varying the pressure on the liquid in 

Figure 1 or the output of the pump in Figjure k and/or by 
varying the else of the no*2le orifice, 
table , the effect Of varying the pressure 
orifice size ia shown. In each case, the 

15 rial ia a continuous filament web. The vrtb la placed on 
a 30-meah screen and treated using apparajtua of the type 
shown in Figure 4, The web la eubjeoted 
one transversa to the other, on each side 



In the following 
and/or the 
starting mate- 



to two passes, 

of the web and 



is passed so as to just contact the orturwaa. 
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25 



using tenacity as an indication of Che «xtent 
of fiber interentariglement, it is observed rrom the above 
table that the extent of fiber interentanglnment gener- 
ally decreases as the distance from the not; le orifice 
increases. For larger orifioee and/or higher pressures, 
turbulence tends to limit the maximum distance. For 
lower pressures, the samples may be treated at greater 
distances v/ithout being destroyed by turbulnnoe. However, 
* 11 other factors being equal, the extent oj" fiber inter- 



entanglement decreases as the pressure decreases. 



EXAMPLE XXI 

The extent of fiber interentanglement obtain- 



able at any given pressure can be increased 
the number of passes. The following table 



by increasing 
llustrates 



the effect of repeated passes on a continuous filament 
web. Apparatus of the type shown in Figure 4 is used. 
The sample la placed on a JO-mesh screen ami is passed so 
as to just contact the 0.0026" orifices supplied with 
water at 1500 lbs. /in. 2 . Each treatment consists of two 
passes, one transverse to the other, per side of the web. 



Tras/tmtfrcr 

(aides) 



Tena_sity. — 
lbs./ln./ 
os, Ad. 2 ) 


Elong. 


Modulus 
(lbs./ln./ 
oz./vd.«) 


0.54 


S3 


0.17 


5.15 


189 


1.45 


5.50 


142 


o.5o' 



Drape Flex 

1.7 
1.6 
l.S 



Nozzle orifice size may also be v aried depen 
ing on the material to be treated and Che eJTfeot desired. 
In general, for treating loose fibrous batta and the 
like, it is preferred to vary the orifice size according 
to the basis weight of the sheet and the dehier of the 
fibers therein* Preferably, small diameter! orifices 
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(e.g.* 0.0028") ere used for low basis weight, low 
denier materials, while larger orifieee (l.g., 0.005" 
or 0.007") are used as the basis weight ot denier ln- 
cpa "« B - joyjgra atructura lly 8tabl j_jtkrjlne ^ material s, 
J^L?iL«g **"^frd^ itU prefer red to use 
qajger_ diteftt»r orlficesTTig,, 0.007'^ t(> obtajjTT" 
degre e of fiber lnterentanglement. --• 

As can be seen from the foregoiig discussion 
and the examples, the process of this invention offers a 
high speed economical route to the production of a wids 
variety of textile products, in order to obtain the high 
degree of fiber lnterentanglement which characterises 
the products of this invention, the starting material i B 
acted upon by discrete columnar streams or a non-com- 
preaaible fluid moving at high velocity. 

The fluid must be non- compressive, i.e., a 
liquid, since the etream must be capable >f maintaining 
its Identity as a discrete column for a finite distance 
beyond Its point of emergence from the no sale orifice, 
compressible fluids, such as air, nitrogeh, or other 
gases, which diffuse rapidly upon emerging from a nozzle 
orifice, are not effective, The results >btalned by 
treatment with water and nitrogen are com >a red in the 
following example. 

EXAMPLE XXII 

A loose web consisting of randonly disposed 
continuous filaments is used as the starting material. 
Using apparatus of the type shown in Figure 4, a sample 
of the web is placed on a 30-meeh screen and passed in 
contact with 0.0028" orifieee n 0.023" centers supplied 
with water at 2000 lbs./sq.in. pressure, two passes are 
used, one transverse t the ther, on each side of the; 
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20 



as 



50 



web, The web is removed, dried and examined 
loose web 19 observed to have been converted 
stable coherent non-woven fabric. A sec 
similarly treated except that 0.007" orifices 
oenters are used and the sample is placed 
screen. Propertied of the untreated and 
are given in the following table: 



10 

Untreated 
web 

0.0028" 
orifice 

15 0.OO7 11 
orifice 



( lbs . /in ./ Elong , ( ./in./ 



Tenacity 
(lbs. /in./ 
oz./yd.g) 

0.14 

3.42 

3,68 



Modulus 



The 
into a 
sample is 
on 0.050" 
on a 10-cnefih 
treated webs 



53 

156 

168 



0.07 
1.00 

0*93 



The marked increase in tenalle 
water-treated samples shows that a high dejgree 
interentanglement has occurred. 



strength of the 
of fiber 



la 



axe 



The above two experiments are then 
additional samples of the web under identl 
except that nitrogen at 2000 lbs./sq.in. 
of water. The nitrogen-treated samples 
examined. A few surface fibers appear to 
around but no other visible erreot ia noteld 
of these samples is. substantially unchangejd 
the untreated web* 



The above experiments are then 
a staple fiber batt as the starting material 
treatment with the high velocity liquid a 
served to interentangle the fibers whereas 
the gaseous streams has no effect* 



Drape 

Plex 

lS£LL 

1.6 
2.2 

2.2 



repeated on 
cal conditions 
used instead 
removed' and 
have been blown 
The strength 
from that of 



Repeated usintf 

Again, 
breams is ob- 
treatment with 



41 
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sample of the staple 
aubjected to the 

No 
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In a final test in this eeriea, a 
b*tt i. flrat noiatened with water and than _ JB „ 8Q co „ 
action of nitrogen from 0.007" orificea at *ooo lb../ aq . ln .' 
fiber interentansieraent la obaerved. 

• Since many different embodiment. Jf the invention may 
* -de without d.partin* from the apirit J, Mop0 

to b. undaratood that the invention ia nJt lifted by the 

avrnsmmm otsewsrau 
it h«. M ...„ f0UM tntt oeptltii prtf jrrM 

».y 6. pr.p.r.d >y »,.,.„.„ „„,.„ 

jar^^gTrgs- ,^.^ t . , !h . f . ot , rt ,. d lo ^ 

onto the webi 

<b> The momentum-fiu, of the fluiJ i. at leaat 6 * g . m/ 
«c* W at the point of impi„ g . m . nt ent0 J web; 8 m/ 

(o) The w.b and fluid orifice movej relative to e.eh 
other if deaired. 

Preferably the fluid haa an eplfie J 
laaat 60oo om/aee. 

Preferably, th. fibera in the fibroUa web have the 
latent ability to ehrinK, erimp or eXon^t. id a aub.e,uent treat. 

-^^^^ 

Xn a highly preferred embodiment, tiTTl^^T^ 
of the fluid atream i. i... tnan 3., I ansU 
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10 



20 



of fibers of different chemical type, length, deinler and other 
properties may also be used. T hia web may be in a aingle lavftt 
or multiple layers and may include a scrim or reinforcing material 
which itself is not affected by the processing. 

By "impingement force of a fluid 11 is meant both the 



force component of the fluid essentially normal 



the web, and the lateral forces resulting from t;he projeoted 



30 



to the plane of 



s tream striking a baeVclng memb er. The fibers move in the web 
under this force, thus entangling with those fibers around them* 

Orifice velocity means the average velocity across the 
cross section of the fluid stream at the orific^. This may be 
estimated from the fluid throughput aaaumlng an 
coefficient of 0.62* 

"Fine columnar stream" means a stream 
sectional dimension, preferably less than ,030 



Momentum-flux is the force per unit area exerted by 



the fluid stream on the web at the web surface « 



orifice discharge 

of email cross* 
Inches (.076 cm). 



Momentum-flux 



equals the impact force of the fluid stream dlvjided by the effec- 
tive area of the fluid stream at the web surfacje. The impaot 
force of the fluid atreem may be determined experimentally by 
placing a pan balance at a known distance beloW the orifice from 
which the stream emerges and measuring the forde which Just 
balances that of the stream. The measured impact -force la math- 
ematically equivalent to the momentum-flow -rati 



the plane of the balance, aaaumlng that the collision between 



the fluid stream and the balance la inelastic* 



flow*rate is the rate of momentum flow past a jilane transverse 



to the fluid stream and oan be calculated from 
given liquid per given orifice in a given time 
Momentum-flux can then be determined 
measured or calculated impact force by the effective area of the 
fluid stream where the atream impinge b on w 1). The area f 
the atream is most easily determined by measurements taken from 



of the stream at 



The momentum* 



the throughput of 

interval. 

by dividing the 
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photographs of the stream. 

"columnar" means the streams have a total divergence 
»ngle of not greater than about S*. Columnar streams minimise 



prooeasing. 

of small cross - 

inehea (0,076 cm). 



10 



20 



30 



air turbulenoe at the surface of the web during 

"Fine columnar stream" means a stream 
sectional dimension, preferably less than O.030 

The high strength products of the present invention can 
be produced with columnar streams exerting a momentum^ lux of 
greater than about 6 kg.m/sec2. flm 2. auah atPeama ean bt obtalnBd 
by propelling a suitable, noncompresaible fluid) such as water, 
at high pressures through small diameter orifices under conditions 
such that the emerging streams remain esaentially columnar at 
lsast until they strike the initial material,, |artlculariy strong 
and surface -stsble fabrics are obtained with high-pressure fluid 



streams havlnK an angle of divergence of leea ttUn about 3*. T he 



use of columnar streams provides the further adyantaece of minimi- 
ting air turbulence at the surface of the web dlring processing. 

JCfJesired, the initial fi p » r3 aP i,yj» ^ y bt gPaac>d 
flratwlth a wetting agent or__other^f « g .l- Z7< nffrPnoo cno 
ease of processing, or such agentTm7y~be Included in the fluid 



stream. Similarly, procasaibllity of at iff fibira iaenhanoed- 



by ""ing hot fluid to lower fiber modulus during processing. 

This proeest can operate on low weighu webs ( * 3 o«/ 
yd 2 ), ( * 170 gm/m a ) as well as webs of higher Height. 

DependinP! upon the nature of the initial fibrous layer, 
the momentum-flux exerted by the fluid may be regulated by varying 
the aire of the orifices from which the atreama emergt, the 
preasure at which the noneompreeslble fluid la delivered, the 
distance the web la separated from the orifice.; and/or the fluid 
ltMlf - Othtr_proo«Bi varlablea, which may be ijanlpulatad in 



order to achieve the dealred product, include the number of time. 



the web la paaaed into the path of the streams, snd/or the direc 



ti ns in which the web is paaaed into the path df the streams and 
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the to pography of the supporting member. In general, woba having 
e woifiht ranging from 8.5 gm/m 2 or leas w about U06 gm/m 2 or 
more and composed of natural, cellulosio, and/or wholly synthetic 
fiber* ♦ can be readily converted into the textile material* that 
ere preferred embodimenta of the present invention using water 
end proceea conditions within the following range 8 i 
Orifice else 
Orifice spaolng 
Water pressure 
Web-to-orlfice separation 
Number of passea • 




7 
0 



In a preferred continuous process, the web on a support 



ing member moves under wuUlple oscillating Huid Jet streams. 



0.0076 - 0.076 cm 
*0.c|£5 - 0.25 em 
352 kg/cm 2 
15*2 cm 



1 1 100 



In this preferred process many regions of high 



are produced. Many series of fluid streams m«£ be used to process 
the web such that entangled regions formed by 



adjoin or ovirlip regions formed by the actiora of other jmh. 



The ease with which a given web can 



dependent upon many faotora, and process conditions may be chosen 
accordingly. Por example > webs of low density 
more eaaily than comparable webs of high density. 



, the higher the 



The higher the modulus and/or denier, 
impact pressure and greater the duration of treatment neooasary 
to make the product. Because of their lower modulus, crimped 
fibers are preferred* 

Similarly, the higher the weight or 
the web, the greater the total force necessary 
web. 

The web ia supported during processing under the applied 
fluid force because typical initial starting miterial is not 
strong enough to hold together without support 
processing. 

A backing member, if used, may be a perforated plate, 



fiber entanglement 



the action of a j et 



be entangled is 



may be processed 



the thickness of 
to penetrate the 
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sheet 9 woven soreen, honeycomb or the like, made o 



material which la not suscep tible to attack by the 



any suitable 



fluid used in 



the process. Suitably, a fine »nash woven wire screen is used, 



This will usually be flat, but may be shaped in a 
contour. Choice of backing member depends in part 
of the web being treated. Low weight webs should 
backing members with low open area and smell openings • For 
heavier webs, larger openings may be sat if factory 



three-dimensional 
on the weight 
treated on 



The product of this invention is a nonforaminous non- 
woven fibrous sheet comprising fibers or filaments or mixtures 
thereof characterized by having fibers or filaments therein so 
entangled with other fibers or filaments that 

(e) the impenetrability rating (I) of the hiffhly entangled 
regions is at least 0.5 when the sheet is in the t 
and 

(b) the entanglement frequency (f) is at lea 
(7.9/cm) when determined in the bond free state. 

Preferably, ths product is also characterised in that 
the entanglement completeness (C) is at leaat 0.7 
in the bond free state and, more preferably, also 
number of at least 10. 

In one embodiment the entangled regions 
areas and define a pattern. 

Where the entangled regions are dlsoretn 
structural measure of fiber entanglement in the n\ 
highest fiber entanglement and fiber cooperation 
is preferably at least 0.1 when the sheet is 
free state. 

In a highly preferred embodiment, the f^torio weight is 
not more than 170 gm/m 2 , the 5% aeoant modulus in 



ond free state, 

st 20/inch 



when measured 
has a 45/90/135 

i 

are discrete 

areas, the 
giona of 

n the structure, 
in the bond 



at leaat one 



direction is preferably less than 10.6 gm/cm//gm/n 2 . the canti- 
lever bending length in at least one dire tion is, preferably, 
less than 2.0 cm, the strip tensile strength in ojie direction is, 
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preferably* greater than 10.6 gm/cm//gra/m2 and the tongue tear 
strength in at least one direction is, preferaaly, greater than 
9»4 gm//gm/m2 admeasurements made in the abaenoe of binder. 

Coherent drapable products of a weig.it as low as 17 
g/m 2 are a speoies of thia invention. 

A fibrous structure dependent on int jr-flber entangle- 
ment for strength and integrity may be characterised byt 

(a) the inter*fiber friction in the area* of highest en- 
tanglement - a measure of entanglement; 

(b) the number of times/unit lengtn of fiber, a fiber seg- 
ment is operative in regions of highest entanglement (the frequency 
of entanglement along a fiber length); 

(c) the percentage of fibers in the regions of highest en- 
tanglement which are operative (bear stress unler load) - the 
entanplement completeness; 

(d) the out of plane character (transverse to the plane of 
the structure) of the fibers in the entangled regions* and 

(e) - (for structures having discrete entangled areas) - 
the interaction between the completeness of entanglement and the 
cooperation of fibers between dlacrete entanglpd areas in bearing 
stress. 

"X" is a measure of the inter-fiber friction in highly 
entangled areas and is thus a measure of entanglement, "X" ia 
the ratio of the number of delineated highly entangled areas not 
penetrated by a given needle to the total tested. 

The test oompriaes dropping a given needle under given 
conditions on delineated areas, which areas are representative of 



the structure of the highly entangled regions, 
peated until the experimenter has measured 25 
The number of areas not penetrated by the need): 
is H I"» 

"f", the average nt angle me nt frequency, is defined as 
the geometric means of f&and fgg where 



The test is re- 
delineated areas, 
le divided by 25 
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f dl is the entanglement frequency measured in a chosen 
fabric direction and f fl2 is the entanglement frequency measured 
st right angles to the chosen fabric direction 

?l is the tensile strength of s strip of specimen wj, 
wide. p 2 is the tensile strength of a strip oi' the same specimen 
v»2 wide, wi.is one-fifth wa. w 2 usually should be 1 inch (2. 34 
cm) unless other factors interfere. 

The test for (f ) la described in more! detail herein- 
after. 

"C'\ the entanglement completeness, 4s the proportion 
of fibers that break when a specimen is broken 
trie mean of C dl ' and C d2 where C dl la the completeness measured 
in a given direction and is the oompleteneis roeaeured at ripht 
angles to C dl e 

wh**e F d ia the tensile strength of a 1 inch (if .54 cm) wide 
specimen with a 1,5 inch (3*8 cm) gauge length (distance between 
damps) and P B ia the tensile strength of a specimen of the same 
sample of the same width in the same' direction (with a 0,15 inoh 
(0.38 cm) gauge length. The test is further described hereinafter* 

Ihe 45/90/135 number ie a meaaure of 
or out of plane character of the fibers in the 
ifically, aixty croaa-eectione of the fabric arte scanned to find 
the region of greatest fiber tranavereity in eaoh section. In 
each region the total fiber length at 90 ±12* with respect to tr 
fabrio plane is compared with the total fiber length in that 
region at 45 * 18* and 135 * 12 c . The number of sections for 
which this total fiber length at 90* t 12° is greater than the 
total fiber length at both 45 - 12 # and 135 * IB* is called the 
45/90/135 number. 

"S" is a meaeure of fiber entanglement; and cooperation 



fiber tranveraity 
structure. Speo- 
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and is defined oy 

■■!* 

The fiber concentration factor (p) Is 
weight per unit area of the entangled portion (W^) to the weight 
per unit area of the entire fabric (tf 2 ), i.e., ft - w l . For 

uniformly entangled, products, p « l. 

The density of the region of highest entanglement la 
denoted (d). 

"L", the average free length factor of fibers, ia a 
measure of fiber cooperation under stress and is measured from 
fibers between entangled areas where such fiber {exists. 

The formula for 3 recognises that the ifree-length 



on, i.e., the 
for poor fiber 



factor is inversely related to strength converse 
greater the free-length factor, the more chance 
cooperation. 

The 5$ aecant modulus la the seoant modulus at 5% 
elongation on the atresa-strain strip tensile ctrve recorded at 
a cros ahead speed of 1 lneh/mln (2.54 cm/mln) ard a gauge length 
of 2 inches (5.08 cm}. Strip tensile strength is also measured 
according to the above method, using a 1/2 inch 
width. 

Tongue tear strength is determined using k inch (10. 16 
cm) x 0.5 inch (1.27 cm) epeolmen, a gauge length of 1 inch 
(2.5* om) and a croashead speed of 10 inch/win cm/min). A 

slit la made in the sample in the direction of tasting and one 
aide is mounted in one clamp and the other side in the opposed 
clamp. The force to tear is recorded. 

Bending length is determined aooordinf; to ASTW Teat 

1288-55T. 

"Bond free state H means in the absence of any aubstan« 
tlal inter-fiber coherence, other than that induoed by fiber en- 
tanglement. For example, thes teats are run in the absence of 
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0.5 Indicates 
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chemical binder op lnter-flber fusion bonds. 

"In the ebsenoe of binder" mesns in thei absence of any 
resinous chemical bonds, or bonds provided by a Jon-fibrous 
substance . 

Sheet structures having an I l 0.5 end 
are Integral strong and surfaoe stable in the absence of any 
external bonding and are thus unique nonwoven fabrics. These 
fAbrioa are suitable for textile use without furtier processing. 
Such structures which have C * 0.7 have additional etrengtn and 
those with 45/90/135 * 10 have superior surfac. elsability. Fov 
atructures with discrete area antanglement, an S 
bination with proper values of f 2 7,9/ em and I 2 
a fabric-like structure having high integrity, strength and 
fabriclike break charaeteristlos (catastrophic break rather than 
the tearing phenomena usually associated with nonwovens). 
Characterization Taaca 

The I test rates a sample of the entangl.ed area by 
needle impenetrability. The needle has a shsnk about 0.015 inch 
(0.038 cm) in diameter with a conical point havint; sides making 
sn angle of about 26' with the axis. The needle J s held by ah 

L. S» Starret "C" pin viae, the total weight of t*" 
about 24 grama. Thia ia uaed in conjunction with 
1/32 inch (0.078 cm) in thlokneee, having a eerlea 
different diameters drilled in It. Theae holea are auitably 
marked for diemeter-identif ieatlon. 

To obtain an impenetrability rating (I), a aectlon of 
tht fabric ia marked ao aa to delineate a region containing 25 
circular entangled areas. The average diameter of) the antangled 
araaa ia eatlmated with a hand comparator and the japecimen ia 
placed on the above -mentioned plate, ao that the fkbrio face up- 
etream to the fluid atream during proceaaing ia adjacent the 
plate and the ae lee ted entangled area la placed over a plate -hole 
having a diameter not more than 7556 of the diamete* of the n* 



e aeaembly being* 
a support plate, 
of holea of 
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tangled area being tasted, For tea tins entangled aroa* which 
are emaller in diameter than about 1.33X the needle -ehank diameter, 
the entangled area may be placed over a plate -hole having a 
diameter slightly larger than that of the needle ahank. A light 
source under the plate -hole and suitable optical magnification 
are used to assist in aohieving the correct placement over the 
hole. The needle la plaoed vertically above the entangled ares 
in a central position. The weight of the needle assembly la 
then allowed to rest on the entangled area by lightly eupporting 
10 the assembly with the hand to keep the needle vertical. Record 
la keot of whether it la penetrated or not, using 25 teats as the 
atandard sample. The impenetrability rating (I) is the ratio of 
the number of entangled areas not penetrated to the total number 
tested. This teat allows for the inevitable variation in on- 
tanslement in the various areas in a given sample end provides 
the average fraction of repreaentative entangled areas which will 
not be penetrated. The highly entangled areaa in the products 
of the present Invention have an Impenetrability rating of at 
least 0.5. Entanglement frequency, (fdi), ia determines from 
80 atrip tensile strength data. 

Two epecimena are out in the same direction from the 
aame eample for atrip tensile measurement, one sample Ls one- 
fifth the width of the other. The atrengtha of the two, P l and 
F2 1 we determined. It la found that the atrength rati> Fx/frg 
la not equal to w^/^ (Pj> and w 2 correapond to the wide? aample), 

A non-atreaa-bearlng border zone (D 1 ) at the kdges of 
each specimen ia postulated, which zone la ineffective ;Ln carry- 
ing atreaa. Thua, aonaidaring 6Aly a trees -bearing width, 

Fi wi - 2 Pi 
Ff " W£ - 2 

30 This dlatance (D^) ia the average distance required for 

a fiber in the fabric to beoome completely entangled, 'fta reci- 
procal of f di la the number of times per unit length a fiber 
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segment is operative in an entangled ration. 

In praotiee, strip widths w^ ~* 0.2 inch 



(0.508 en) 



and w 2 ^v 1 inch (2.5** cn>) are used for initial teists (always 
using integer number of unit oells if there ia any pattern). If 
f turns out to be small (i.e., 4 20 per inch) (7.S/om), the teat 
should be repeated with wider strips (say, 0*4 and 2 in) (1.02 
and 5#08 em), If f turns out to be rather large (say, over 100/ 
in) (W«m)> a smaller w s (say, 0,1 in) (0.25 om) will give mors 
accurate results, A 1.5 inch (3*6 em) gauge length la used, with 
10 an elongation rate of 67* per minute. 

Entanglement completeness (C) is determined from strio 
tensile strength data. 

Two strips of equal width preferably 1 inch (2.5** cm)7 
are out in the same direction from the same sampli but of differ- 
ent length. The tensile strength of both strips :>e determined 
but at different gauge length; one gauge length in one -tenth the 
gauge length of the other ^preferably 0,15 in (0.:i8 cm) and 1,5 
inches (3.8 cm), respectively^, por fabrics cons;, sting only of 
short fibers, the shorter strip ia 0,05 inches long. 
20 The ratio of the foroe to breaic tne lonfcer atrip (F d ) 

to the force to breaic the shorter strip (P a ) is a meaaure of the 
entanglement completeness. 

With the short gauge length, an appreciable proportion 
of the fibers are caught jaw»to»jaw and must be broken, while 
with longer gauge length the fibers may slip out bf the fabrio 
without breaking if the fabrio is not completely entangled, A 
low ratio P d /fr fl indioates such slippage is occurring and that en- 
tanglement la not complete ♦ ; 

The U5/90/135 number la best determined! by spatially 

30 filtering the optical diffraction pattern of sections of fabrics, 

i 

First, a sample of fabrio is embedded in a dear 
plaatio of index of refraction at 6328 A* differing by at least 
,01 from the index of refraction of the fibera ini the fabric. An 
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a second axis 



(3) 



(<♦) 
(5) 
(6) 



o a helium-neon 



which id par- 



axis is fixed arbitrarily on the fabric 'face and 
90* to the first is then drawn. Sixty consecutive cross-sections 
are then cut along each axis. The sections are ;;0 microns thick, 
4 mm wide and 10 mm long. Every other section l: discarded and 
those sixty remaining are each mounted between tv o glass slides 
held apart by glass spacers. The same plastic in which the 
samples are embedded la used for mounting. 

The scanning apparatus consists of 
(1) a source of a colllmated beam of 6328 A* wave length 
10 light which is used to illuminate a 1 ijim diameter area 

of sample section. A typical source lc 
laser operating in the T£M«, mode, 
a lens. 

a thin opaque plate with a narrow slit 
tially blocked by a relatively wide op^gue strip per* 
pendlcular to the slit, 
a second lens similar to the first, 
a photocell* 

a recorder to pick up the signal from the photocell. 
20 The focal length of the lenaea and the 

in proper proportion such that the photooell signal from a straight 
fiber segment goes from maximum to 1/2 value when the fiber is 
rotated 9 + 3° from the angle at which maximum s.Lgnal occur* • 

To effect the measurement the croas-ee :tion is placed 
one focal length from one of the lenses. One fooal length on 
the other side of that lens is placed the thin plate with the 
slit* That looatlon is also one focal length from the second 
lens which la located on the other side of the a Lit* On the 
other aide of the seoond lene and one focal length from it la 
30 plaoed the photocell* 

The light beam la thus directed througi the eross*eec* 
tion, first lens, on the strip over the slit (and an equal dis- 
tance fr m th edges of the slit), through the ee end lens and 
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to the photocell » 

A auction ia scanned by orienting tile allt parallel to 
tho length of the section and the section la moved along its 
length until the region la located where the greatest signal is 
obtained from the photocell (regions near the 
are avoided). The angular orientation at that 
by rotating the allt through 180* and reeordirg the elgnal from 
the photocell as a function of the angle the allt makes with the 
width of the crose-eeotion. The area under the curve of the 
recorder signal vs. angle la a function of the angular position 
of the fibers in the region measured. The greater the area ac 



edges of the section 
region is obtained 



<W X ) to the weight 



with a suitable die. The area of the mass then corresponds to 



angle. The angles 
precision of ti # . 



any angle, the more fibers are aligned at that 
are determined with an accuracy of t 6* and a 
The relative light intensity is determined witlh an accuracy of 
* lOjf and a precision of ± 2$> 

"S'\ a structural measure of entanglement and coopera- 
tion ia defined by the following equationi 

8 - pdA. 

The fiber concentration factor, p, lis the ratio of the 
weight per unit area of the entangled portion 
per unit area of the entire fabric (W 2 ). 

Wj, and W 2 are determined from the fabric sample by 
direct^ measurement. For Wi, ten specimens are 
tangled maaa or representative portion thereof 



out from the en- 
from the fabric 



Lghed at one time 
night (w x ) is cal- 



the area of the die. All ten specimens are we I 
on a suitable miorobalance . An average unit w< 
eulated. 

The density (d) of the entangled nasi oan be measured 
by calculating the volumes of the cut-out speo;>men* mentioned 
above. To do this, the specimens are mounted uxi*lly on broaohea 
and are photographed at 20X to provide a eroaef sectional view. 
The cross -section thus photographed may be irregular in shape. 
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and/or triangles. 



If so, che shape Is approximated with rectangle! 
The ahapea are then measured and, uatng the appropriate geometric 
formula*, the corresponding volumes are calculated. The total 
weight of the ten specimens is then divided by the sum of the 
ten volumes to give the average density (d) in grams/em^ of the ' 
entangled area. 

The process or this Supplementary Disclosure may be 
more thoroughly understood by referring to the accompanying 
drawings wherein t 

Pig. 13 is a chart for estimating' f reel length, 
Fig, Ik is a chsrt showing Jet velocities, 



the fibers is 



The average-free- length factor (1) of 
estimated by direct observation (under a mioroscjope) of the fioers 
outside the entsngled area and comparison to a s»t of standards. 
The fiber is observed both in plan view and in oross-seotionai 
view. The five ratings used as standards and th|» corresponding 
curvatures snd free lengths are shown in Figure 
exsmple, the fibers on the average are visually 
a ourvature such that the ratio of the deviation 
nees (h) to the hslf-length in the group observe! (hi) is about 
0.5, then a rating of 3 ia assigned. Such estimates are made 
three time a independently, and averaged both in 
fabric and normal to or out of the plane (cross* 
two estimates are then combined geometrically toy 



13. If, for , 
istimeted to have 
from straight' 



the plsne of the 
section) . The 
talcing the 



square root of half the sum of the squares of thii two ratings. 
If 1^ is the estimated in-plane rating and X* ia the estimated 
out-of-piane rating, the average-free-length factor (L) 1st 

It la obaerved that atruoturea made from atral*h<s (lea., non 



erimped or nonourled) fiber* do not have ratinga 
ponding to no curvature). An appropriate rating 
used for atruoture* made from atral^ht fibers la 



of one (eorrea- 
whlch may be, 
I* - It*. Alml- 
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larly, it i« observed that the rating for samples mad. from 00n . 
ventlonai staple fibers or low crimp continuous filaments ranges 
from 1.8 to 2,5. For aueh fiber* , an average rating of t - 2.1 
may be used. For highly crimped fibers, the actual meaaurement 
value of L should be uaed. 

In a further preferred embodiment We flbera in the 
region of hlgheat entanglement are aubatantiaJly inaeparable. 

By inseparable la meant that the fitera or filaments 
are eo entangled with each other in the regiora of fiber entangle- 
ment that a aubstantial number of fibers break aa they are 
separated from the entangled mass. 

When the eeeant modulus of a sheet etructure (the 
secant modulue at 5* on the atrees-strain atrllp tensile breaking 
ourve) is below 10.6 gm/cm//gm/m2, the structure has exceptionally 
good compliance (the ability of a etructure to 
curved surface) for apparel fabric end uses, 
ture also has a cantilever bending length (ASTM Test 1288-55T) of 
less than 1.5 em and, therefore, has adequate flexibility for 
such uses. Similarly, a thlckneee of lesa than 0.020 inch (0,051 
aa) is preferred to yield an apparel fabric -li;<e denaity at 
weights of less than 170 gm/m 2 . 

The preferred product embodiment possesses both high 
flexibility and compliance. At the earne time, theae preferred 
structures exhibit tensile strength 7 10.6 gm/cm//gm/m8 and tear 
strength 7 9.4 gm/gm/*8 in the absence of binder or self-bonds. 

The structures of this invention are uaeful in all 
textile ueee such as draperies. Industrial fabrics, garments, 
absorbent fabrics and the like. 

It is understood that thla produot nu^b^pnded, if 
deeired, or treated with normal textile finishes, dyed or sub- 
jected to any or ail finishing treatments. Such resultant product 
18 etill within the scope of the invention if the product has the 
characteristic structure deaorlbed. 



conform to a 
The preferred struc- 
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The following Example, in which ai:i pare ntag«* are 
by weight unleas otherwiae indicated, are meant to illuatrate the 
invention and not limit it in any way. Valuei of orifice velocity 
referred to in the Examplea are eatlmated fron Figure 14 which 
la based on numerous meaaurements over the indicated range. 

Figure 14 ahowa the eatlnated orifice velooity (baaed 
on a discharge ooeffieiant of 0.62) for 3, 5 md 7 ail jet 
orlficea. 

example xrr^ 

* 2 -9, O^yd 2 (98 gm/m 2 ) web of randcmiv arranged staple 
fiber containing 50* 1.3 inch (3.8 cm), 1.5 dpf acrylic fibe r 
and 50* 0.23 lnoh (0.64 cm) 1.5 dof ravpn v,aa pi aee d on a flat 
aupportlng member and pasaed under water Jet atreama issuing 
from 0.007-inch (0.18 cm) diameter oriflcea located 0.05 inches 
(0.127 om) apart over a width of 21 inches (33.3 cm). The water 
Jet atream temperature was 60 # C. The Jet on flow M . r » oaaii. 



lated at approximatel y 300 paoillatlona per minute. Tha web waa 

— *fi ■■ ■ III 



inch (1.27 cm) 



passed under the Jet atreama approximately 0.5 
from the orifice at a belt apeed of 2 yd/min (J.l om/aec). a 
coarse meshed top screen was over the web to prevent air turbu- 
lence from deatroying web uniformity. 

Processing conditions were aa follown one pass at 
500 pel (35,2 kg/am 2 ), one pass at 1500 psi (li>6 kg/cm 2 ). The 
web waa then flipped ao that tha upstream aide 
aupportlng member and reprocessed with two paanes at 1500 pal 
(106 kg/cm 2 ). All paaaes were run with the course mesh top screen. 
The maximum processing conditions oorreapond to an orifice 
velocity of about 460 ft/aeo (14,000 em/aeo) and an impact preaaure 
greater than 2300 f t-lb/eeo 2 -in 2 (108 kg-m/eeo^-oa 2 ) . The nonfor* 
amlnoua product haa an average strength in all 
lb/in//oz/yd 2 (20 g/om//g/m 2 ). The impenetrability rating (l) 
waa measured and found to be (one) 1; the 43/90/I35 number la 23, 
f la 26/inoh (10.2/om) and 0 la one (1). 
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EXAMPLE XXIV 

A commercial 19 os/yd? needle punched 100% polyester 
felt haa a 45/90/135 number of l, the (i) factor i« l.o, and f 
li less than 20/lnoh, snowing that this la npt the produot of 
the present invention. 

EXAMPLE XXV 

A wab of random atapla fiber* containing 50* acrylic 
fiber of l«l/2 dpf, 1/4" long and 50* rayon it 1-1/2 dpf, l/H" 
long waa placed on a supporting member and treated hydraullcally 
with Jet streams Issuing from 7 mil diameter 
at 20/ineh at a distance of 3/S" from the orifieea. The treat, 
ment waa as follows » 



Passes at 2 v. p.m. 
fl.83 metrea/mln.) 

1 
4 
2 

sample 
1 

sample 
1 



Pressors 



200 pal 
500 
750 
flipped 
500 

flipped 
500 



The nonforamlnoua product had a tensile atrength of 
5.82 lb/ln/oz/yd 2 In the machine direction ard 2.29 lb/in/oa/yd 8 
in the cross direction. It had a 45/90/135 number of 17, and an 
1 rating greater than 0.5 and f la greater than 20, showing that 
thia is the product of this invention. 

example yarn. 

A 2,5 OB/V« S (85 go/m 2 ) web of randomly arranged atapla 
fiber oonalsting of 50* 1.5 inch (3.8 cm), 1.5 dpf (0.17 tex) 
aerylic fiber and 50* 0.25 ineh (0.64 cm) 1.5J dpf (0.17 tax) 
rayon was placed on a flat sup p orting m ember 
water jet streams issuing from 0.007 inch (0. 
orifices located 0.05 Inch** (0,127 cm) apart 
21 Inches (53,3 cm). The water Jet stream tenperature was 60° c. 
The j et orifice a were not oscillated. The w b waa passed under 
the jet streams approximately 3/8 inches (o,96 ern) from the orl- 
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flee at a speed of 8 yd/min (3.1 cm/sac). Processing conditions 
were as follows: two passes at 500 pal (35.2 kg/<n» 2 ), one pass 
at looo p«i (70 kg/cm 2 ). The maximum processing conditions cor- 
reapond to an orlfios velocity of about 370 ft/aae (11,100 cm/aeo) 
and a momentum-flux greater than 7000 ft- lb/in 2 -sic 2 (131 leg-m/ 
»ee 2 .cm 2 ), The produot has an average strength ir all directions 
of 3.8 lb/in/Zo^/yd 2 (20 gm/cm//gm/m 2 ) , The fabric waa nonfor- 
•minoua and had no visible pattern. The impenetrability rating 
(I) la 1 (one), the (C) factor is 0.9 and f is 20/finch (7.9/om). 

EXAMPLE XXVTI 
A 4.0 02/yd 2 (135 gm/m 2 ) web of randomly 
staple fiber consisting of 50* 1.3 inch (3.8 era), 
tcx) acrylic fiber and 50* 0.35 inch (0.64 cm) 1.5 



rayon waa placed on a flat supporting member and paaa.ed under 



water Jet streams issuing from 0^007 inch (0,0177 
orificss located 0.05 lnoh (0.127 am) apart over a 



inches (53.3 C m). The water Jet stream temperaturle was 60* C. 



arranged 
1.5 dpf (0.17 
dpf (0.17 tax) 



om) diameter 
width of 21 



paased under 
from the ori> 



The jet orifioss ^wer e not oscillated . The web waa 
the jet stroams approximately 3/8 lnchea (0.95 om) 
fice at a speed o f^2, yd/ml n (3.1 cm/sec). Processing conditlona 
were aa follow* 1 one pass at 500 pal (35.2 kg/cm 2 ), one pass at 1 
1000 pai(70 leg/cm 2 ). The web was then nipped so that the up- 
stream side now rested on the supporting member anl reproesssed 
with one pass at 1000 pal (70 kg/om 2 ) . All paaaea were run with- 
out any coarse me oh top screen. The maximum processing conditions 
correspond to an orifice velocity of about 370 ft/iec (11,100 cm/ 
see) and a momentum-flux of approximately 7000 ft-U>/aeo 2 -in2 (151 
kg-m/sec 2 -cm 2 ). The product has an average atrength in all dir- 
eetlona of 2.4 lb/ln//os/yd 2 (12.5 gm/cm//ga/m2) . 
was nonforaminous having no visible pattern. The 
rating (l) la l (one), the (C) faotor is 0.9 and f 
(14.5/cm). 



The fabric 
Impenetrability 

la 37/inoh 
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The embodiment, of the invention in wfc.oh an exclude 
property or privilege ia claimed .re defined «a rollowe, 

l ' "ffy??-^ ^"^-IVf rrtnnnir i.l _ 



MifiTill^oompoaedof textile filamonta whi-h 

■ — ^**«w«nta wnich ^ oomtiriaea projecting ^ 



l_fine, columnar etream of a non-c^ ^^^ againat 
surface of a, 1A aheet material^ auffic^nt f<jrca to dr ivl~~ 
j^SgSLj£JSg^i« ^>« fllamTnta a auoatJntial diT^ » 



of the atrean, and aheet to f^Z t n . interentanglemeny to ^T 
parta of the aheet. 

2. A proeeaa aa defined in claim l wherein the proceaa 
la used to produce a aeam-liko linear bond. 

3. A proeeaa a* defined in olaim 2 whe-em a plurality 
of creasing linear bonds are' produced to provide a quilted 
structure, 

4. A proeeaa aa defined in claim 1 wherein the aheet 
compriaea a layer of looaaly aeaembled filamenta ihich ia treated 
over aubatantially the entire aurface to provide t, non-woven fabric. 

5. A PreoiMU defined in claim 1 wherein the aheet 

■ . _^ 



g^r^L^ ^* 0 ™" f »brlo and ia treated over autatantiaiiy' 



the entire aurface to lncreaaa the fabric oov erinn 



<2 



^A^proceaa^aa defi ned in olaim 1 wheiein the aheet 
material la a knitted fabric and ia treated over aubatantlally 
the_en tire aurface to increaae the fabria eo ye rlna power. / 

7. In the proeeaa of producing felt-like fabrica wherein 
interfilament entanglement ia conventionally accomplished by 
mechanical needling, the improvement of hydraulioally interentangiing 
filamenta throughout the fabric with needle -like cblumnar atreama 
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of a non*compressible fluid projected at high velocity into the 
fabric, 

8* In the process of producing a non< 



from a loose fibrous batt, the improvement of h7ara^ically 



interentangling fibers of the batt with high-ve 
streams of suffloient fineness to avoid permane 



Iaci?7 columnar 
r.sly separating 



groups of fibers, and traversing the streams over ?r.e surface to 
produce throe -dimensional entanglemont throughc 



u7 The fabric. 



9. The prooeaa for converting fibrous sa-erial into 



1 Ssvn in the form 



sufficient force 
if the batt, and 



yarn which comprises laying the fibrous materia: 
of a random batt, hydraulically stitching the batt so form conti- 
nuously united parallel seams by projecting fine, columnar streams 
of a non -compressible fluid into the batt with 
to lnterentangle fibers through the thickness ol 
then cutting the batt between the seams. 

10. The process of hydraulically stit chins a fibrous 
batt to a woven fabric which comprises superimposing the batt 
on the fabric and projecting fine, columnar strsams of a non- 
compressible fluid into the batt with sufficient force to drive 
fibers of the batt into interentangleraent with phe fabric 
structure. 

11, The process fo^oonyertlng bulk fibrou a materials 



•woven fabric 



into non-woven fabrics which comprises deposit!; ^T'looae layer 



o f textile fibers on a fyamlnous surface, direc ting a plurality 
of columnar liquid streams against said layer u^der sufficient 



pressure to penetrate and effect an interentangling integration 



of the fibers In the layer, progressively advancing the layer 
and reclP roc atlngi at^leaat^ one^ of the atr eamaai 



to produce closely spaced aeama of interentanglod 
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12, ^e_£^^^y^f or Improving the 



appearance and 



covering power^ goven) fabric which compriae a^ftueEo rting th e — ^ 
fabric on a foraminoua aurfaoe, directing a plu rality of columnar 
liquid strea ms against the fabric at an Qb lUfi* **&}\ to th » 
fab ric yarns under sufficient pressure to pen itrate and effect 
an interentangling Integra tion j)f fibera in tie fabric, advanci ng 



the fabric under the atreama and reciprocating the atreama to 



traa taubatantlally the entire aurface of the 



13. a proceaa as defined in claim :L2 wherein the 



fabric ia treated on the biae« 

m, a prooeee aa defined in claim la wherein the 



f abrio . 



fabric la progrea aed contlnuoualy under a row 

* .i — — — — — - — — — — ^ *— 

at an 



of atreama aligned. 



with yaepeat to the direction of travel of 



the fabric with the indivlAualatreaina angled 



15 • A fibroua aheet material having 



elements intertwined, tangled and interlaced An an interentangled 



"relationship with other fibroua elementa W ftll dimenaions of 



toward the oncoming 



individual fibroua 



the atructur^c^ a ^coherent fabric freje from openings 



16, A non -woven fabric of fibroua afieet material 
having individual fibroua elementa intertwined, tangled and 
interlaced in an interentangled relationahip with other fibroua 
elementa in all dimenaiona of the atruoture to provide aeama 1 

and with other fibrous elementa substantially uniformly distributed 
throughout the remainder of the fabric 

17, A non-woven fabric aa defined ii claim 16 wherein 
the interentangled fibroua elementa provide linear aeama. 

18. A non-woven fabric aa defined in olaim 17 wherein 
the aeama are in aubatantially parallel rowe. 

19. A non-woven fabric aa defined in claim 17 wherein 

the aeama extend in .two directiona t provide u quilt-like structure, 



62 



laim 21 wherein 

of woven fabric 
eto by indivl- 



73S652 

20. A non-woven fabrio a* defined in claim 16 wherein 
the seams are discontinuous. 

21. A non-woven fabric at defined in claim 16 composed 
of at least one fibrous web united to a croaaed-varp of yarns 

by. said seams to provide a strong, coherent structure. 

22. A non-woven fabric as defined in claim 21 composed 

of continuous filaments ► 

23. A non-woven fabrio as defined in claim 21 wherein 
the fibrous web is composed of staple fibers, 

24. A non-woven fabrio as defined in c 
the croased-warp is composed of elastic yarn. 

25. A composite fibrous sheet material 
and non-woven fibrous sheet material secured ther 
dual fibrous elements intertwined, tangled and irterlaoed in an 
intcrentanglad relationship with other fibrous elements in all 
dimensions of the struoture to provide seams. 

CLAIMS SUPPORTED BY THE SUPPLEMENTARY DISCLOSURE 
26* A nonforaminous nonwoven fibrous aheet comprising 
fibers or filaments or mixturea thereof characterised by having 
fibers or filaments therein so entangled with other fibers or 
filaments that 

(a) the impenetrability rating of the high!/ entangled 
regions is at least 0,5 when the aheet 
free state , and 

(b) the entanglement frequency (f ) is at le| 
cm) when determined in the bond free atkte. 

27. The product of Claim 26 eharaoterikod in that the 
entanglement completeness (C) is at least 0.7 *hek measured in 
the bond free state « 

28. The produot of claims 26 and 27 wh&rein the 45/ 
90/135 number is at least 10. 

29. The produot of claim 26 wherein thi* entangled 
regions are discrete areas and define a pattern. 
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Leas than 10,6 gm/ 
least one direo- 



30. The product of culm 29 wherein [the structural 
meaAure of fiber entanglem nt In the regions of highest fiber 
entanglement and fiber cooperation in the structure, (S), is at 
least 0.1 when the sheet la in the bond free atite, 

31* The product of claims 26, 27 and 29 wherein the 
unit weight is not more than 170 sn/m a . 

32. The product of claim 26 characterized in that the 
5JS aecant modulus in at least one direotlon is 
em//gm/(o2 and a cantilever bending length in at 
tlon la less than 2*0 om. 

33. The product of olaim 32 characterized in that the 
atrip tensile atrength in one direction is greauer than 10*6 m/ 
cm//gm/m 2 and the tongue tear atrength in at lerst one direction 
is greater than 9.4 gm//gm/m 2 , both maaaurementi made in the 

absenoe of binder* 

34. The proceaa of preparing a nonf ox aminoua fibrous 

sheet material characterised by subjecting a fitroua web on a 
supporting member to a fine columnar stream of fl 
fluid iaauing from an orifioe to cause fibers or 



move relative to each other by the impingement foroe of the stream, 
said stream having a momentum-flux of at least 6 kg-m/sec 2 -cm 2 at 
the point of impingement on to the web* 

33. The prooess .of claim 34 wherein the orifioe velocity 
of the atream is greater than 6,000 cm/seot 

36. The process of claims 34 and 35 wnereih the web 
and fluid orifioe move relative to each other - 

37, The proceaa of claims 34 and 35 characterized in 

that 

(a) the fibers or filamenta In the fibrous webs have the 
latent ability to shrink, crimp or elongate and 

(b) a aubsequent treatment oomprlaea heating the filamenta 
to cause, respectively, shrinkage,. or:.mping or apon- . 
taneous longation f the fibers or filaments. 



non-oompreaalble 
filamenta to 
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38. The process of claims 3* and bs characterised in 
that the ^T^ce jnele of the fluld_st rea | la less than 3'. 

39. The product of any f Claims B6, 87 or 29 Wherein 
the entanglement frequency «f Is at least 3 |>/lnch (U.8/cm) when 
determined in the bond free state, 

40. The product of Claim 29 where 
frequency "f" U 30/inch (11.8/cm) 
the bond free state and the structural measure of fiber entangle- 
ment In the region of highest fiber entangle, na« and fiber cc 
operation in the structure, (8) Is at least 0.1 when the sheet is 

in the bond free state. 

41. The product of Claim 26 wheref-n the entanglement 

frequency "f" U least 30/ineh (11.8/cm) 
the bond free state and characterised in tha 



Ln the entanglement 
tfhen determined ln 



rtian determined in 
the 5% secant modu- 



lus ln at least one 



direction is less then 10 j6 gm/cm//gm/m and 



lire ct ion is less 



a cantilever bending length In at least one 
than 2.0 cm. 

42. The product of Claim 32 where: ji the entanglement 
frequency "f" is at least 30/inch (11.8/cm) irhen determined in the 
bond free state and characterited In that thl strip tensile strength 
in one direction is greater than 10.6 gm/cm//gm/m 2 and the tongue 
tear strength in at least one direction la greater then 9 A gm// 
ga/m 2 , both measurements made in the absence 



43. 



The product of eny of Claims Sl6, 27 or 29 wherein 



of binder. 



of filaments. 



C 



the fibrous matter of the sheet is comprised 

44. The product of Claim 29 wherein the fibrous matter 
of the sheet is comprised of filaments and the structural measure 
of fiber entanglement in the regions of highest fiber entanglement 
end fiber cooperation In the structure, (S) Is at least 0.1 when 
the sheet Is in the bond free state. 

45. The product of Claim 26 wherein the fibrous matter 
of the sheet is comprised of filaments and ati 



the 5* secant modulus ln at least one direction is less than 10.6 



araoterlsed in that 



gn/cm//gm/m 2 and a cantilever bending length 
tion !■ less than 2.0 cm. 65 
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if 6. The product of Claim 32 wheriein the fibrous matter 
of the sheet is comprised of filament* ana jcharacterited in uhat 
the strip tensile strength in one direction! is greater than iC.6 
6»/em//gm/m 2 and the tongue tear strength ih at least on* direc- 
tion is greater than 9.4 gV/ga/a 2 . both measurements made in the 
absence of binder* 
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